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CONTBIBUTIONS  TO  LITHOLOGT. 


Introduction. 

In  a  recent  paper  on  The  Chemical  and  Mineralogical  Relatione 
0/ Metamorphic  Roches  (SiUiman's  Journal  [2],  xxxvi,  214),*  aa 
attempt  was  made  to  define  the  principles  which  have  presided 
over  the  formation  of  sedimentary  rocks,  and  to  explain  the  nature 
and  conditions  of  their  alteration  or  metamorphisra.  That  paper 
may  be  considered  as  to  a  certain  extent  introductory  to  the 
present  one,  which  will  contain,  in  the  first  part,  some  theore- 
tical considerations  which  it  is  conceived  shosld  serve  as  a  basis  to 
lithological  studies.  In  the  second  part  will  be  given  a  few 
definitions  which  may  serve  to  render  more  intelligible  the  clas- 
sification and  nomenclature  of  crystalline  rocks ;  while  a  third 
part  will  contain  the  results  of  the  chemical  and  mineralogical 
examination  of  some  of  the  eruptive  rocks  of  Canada;  and  a 
fourth,  some  examples  of  local  metamorphism.  The  most  of  the 
results  appear  in  the  recent  published  Geology  of  Canada. 

I.  Theoretical  Notions. 

I  have  already,  in  other  places,  expressed  the  opinion  that  the 
various  eruptive  rocks  have  had  no  other  origin  than  the  ftoftening 
and  displacement  of  sedimentary  deposits;  and  have  thus  their 
source  within  the  lower  portions  of  the  earth's  str^itified  (ioveiiiig, 
and  not  beneath  it.  The  theory  which  conceives  them  to  have  been 
derived  from  a  portion  of  the  interior  of  the  eartn  still  retaining^ 
its  supposed   primitive  condition  of  igneous  fluidity,  is  in   m/ 


•  C<madian  NaturaUstf  vol.  viii,  page  195. 
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opinion  untenable.  It  is  not  here  the  place  to  discuss  the  more 
or  less  ingenious  speculations  of  Phillips  Durocher,  and  Bunsen 
as  to  the  constitution  of  this  supposed  fluid  centre,  nor  the  more 
elaborate  hypothesis  of  Sartorius  von  Waltershausen  as  to  the 
composition  and  arrangement  of  the  matters  in  this  imaginary 
reservoir  of  plutonic  rocks.  The  immense  variety  presented  in 
the  composition  of  eruptive  musses  presents  a  strong  argument 
Against  the  notion  that  they  are  derived,  as  these  writer, 
Jiave  supposed,  from  two  or  more  zones  of  molten  matters 
differing  in  composition  and  density,  and  lying  everywhere 
beneath  the  solid  crust  of  the  earth;  which,  in  opposition  to  the 
views  of  many  modern  mathematicians  and  physicists,  the  school 
of  geologists  just  referred  to  regaid  as  a  shell  of  very  limited 
thickness. 

The  view  which  I  adopt  is  one  the  merit  of  which  belongs, 
I  believe,  to  Christian  Keferstein,  who,  in  his  Naturgesdiichte  des 
.E'y(i^orpcrs,  published  in  1834,  maintained  that  alltheunstratified 
rocks,  from  granite  to  lava,  are  products  of  the  transformatioii 
of  sedimentary  strata,  in  part  very  recent ;  and  that  there  is  nd 
well-defined  line  to  be  drawn  between  neptunian  and  volcanic  rocks, 
since  they  pass  into  each  other  (vol.  i,  p.  109.)  This  view  was 
subsequently,  and  it  would  seem,  independently  brought  forward 
ia  1836  by  Sir  John  Herschel,  who  sought  to  e.xplain  the  origin  of 
raetamorphism  and  of  volcanic  phenomena  by  the  action  of  the 
internal  heat  of  the  earth  upon  deeply  buried  sediments  impreg- 
nated with  water.  (Proc.Geol.Soo.  of  London,  ,ol.  ii,pp.548,596.) 
See  also  my  papers  in  the  Canadian  Journal,  1858,  p.  206;  Quar. 
Jour.  Geol.  Soc.  1859,  p.  488  ;  Can.  Naturalist,  Dec.  1859;  and 
Silliman's  Journal  [2],  vol.  xxx,  p.  135. 

The  presence  of  water  in  igneous  rocks,  and  the  part  which  it  may 
play  in  giving  liquidity  to  all  volcanic  and  plutonic  rocks,  was 
insisted  upon  by  Poulett  Scrope,  so  long  ago  as  1824,  in  his  Con- 
siderations on  Volcanoes.  (See  also  Quar.  Jour.  Geol.  Soc.  London, 
xii,  341.)  This  view  has  since  been  ably  supported  by  Scheerer  in 
his  discussion  with  Durocher.  (Bui.  Soc.  Geol.  France  [2],  iv,  466, 
1018  ;  vi,  644 ;  vii,  2''/6 ;  viii,  600.)  See  also  Elie  de  Beaumont, 
ibid.,  iv,  1312.  Theadmirable  investigations  of  Sorby  on  the  micro- 
scopic structure  of  crystals  (Quar.  Jour.  Geol.  Soc,  xiv,  453) 
liHve  since  demonstrated  that  water  has  intervened  in  the  crystalli- 
aation  of  almost  all  plutonic  rocks.    He  has  shown  that  the  quartz 
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both  of  granites  and  crystalline  schists  contains  great  numbers 
of  small  cavities  partially  filled  wi.h  water,  or  with  concentrated 
aqueous  solutions  of  chlorids  and  sulphates  of  potassium,  sodium, 
calcium,  and  magnesium,  sometimes  with  free  hydrochloric  acid 
Similar  flmd-cavities    were   found     by   him   in    most    crystals 
artificially  formed  in  aqueous  solutions;  at.d  were  also  observed  in 
the  minerals  from  the  limestones  of  Vesuvius,  where  they  occur 
m  nepheline,  idoc.ase,  hornblende,  an  I  feldspar;  the  liquid  in  the 
latter  cvystals  containing,  besides  chlorids  and  sulphates,  alkaline 
carbonates.    Mr.  Sorby  has  also  described  the  cavities  filled  with 
Titreous  and  with  stony  matters  which  he  has  observed  in  quartz, 
m  the  feldspar  of  pitchstones,  in  augite,  leucite,  and  nepheline  • 
and  which  are  sometimes  found  associated  with  fluid-cavities  in  the 
samemmeral.    As  these  fluid-cavities  enclosed  the  liquid  at  an  ele- 
rated  temperature,  its  subsequent  cooling  has  produced  a  partial 
Tacuum,  which  is  agun  filled  on  heating  the  crystal;  so  that  the 
temperature  of  the  crystals  at  the  time  of  their  formation  may  bo 
approx.matively  determined.     Mr.  Sorby  concludes  that  every 
peculiarity  in  the  structure  of  the  quartz  of  the  ve-^  in  Corn- 
wall, «  may  be  most  completely  explained  by  sn. 
mineral  was  deposited  from  water  holding  vario 
in  solution,  at  tem|)eratures  varying  from    2C 
red  heat  visible  in  the  dark  "  (about  340"  C). 
temperature  he  conceives  that  other  minerals,  such  as  ..- 
and  tinstone  were  deposited  ;  the  latter  mineral  containingauu..  ous 
..mall  fluid-cavities.     In  like  manner,  he  deduces  from  the  fluid- 
cavities  in  the  Vesuvian  minerals  just  noti<;ed,  a  temperature  of  from 
360  to  380"  C.  The  presence  at  the  same  time  of  bubbles  or  vapor- 
cavities,  and  of  glass  and  stone  cavities  in  these  crystals  show^i 
them  to  have  been  formed  "  at  a  dull  red  heat  under  a  pressure 
equal  to  several  thousand  feet  of  rook,  when  water  containing  a 
large  quantity  of  alkaline  salts  in  solution  was  present,  along  with 
melted  rock,  and  various  gasis  and  vapors.  *  *  *  *  i  therefore 
think  that  we  must  conclude  provisionally,  (hat  at  a  great  depth 
from  the  surface,  ..;  the  foci  of  volcanic  activity,  liquid  water  is 
present  along  with  the  melted  rocks,  and  that  it  produces  result* 
which  would  not  otherwise  occur."  (Loc.oi' ,  p.  483.) 

Mr.  Sorby  has,  as  we  have  just  seen,  determined  the  temperature 
requisite  to  expand  the  liquid  so  as  to  fill  the  fluid-cavities,  pro- 
Tided  they  were  formed  under  a  pressure  not  greater  than  the  elas- 
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tic  force  of  the  vapor.    This  of  course  reprefients  the  lowest  temper- 
ature a^.  which   the  consolidation  could  have  taken  place,  and 
varies  from  340^  to  380''   in  the  VesuvSan  minerals,  and  356 
in  the  quartz  of  the  trachyte  oi  Ponza,  to  a  mean  of  216°  in  the 
Cormsh  granites,  to  99»  in  those  of  the  Scottish  Highlands  and 
even  descends  to  89°  in  some  parts  of  the  granite  of  Aberdeen. 
But  this  low  temperature  is  improbable,  and  inasmuch  as  water 
and  aqueous  solutions  are   compressible,  their  volume  would  bo 
considerably  redur-cd  under  a  great  pressure  of  superincumbent 
rock.    Mr.'  Sorby  has  therefore  calculated  the  pressure  m  feet  of 
rock  which  would  be  required  to  compress  tha  liquid  so  much  that 
it  would  just  fill  the  cavities  at  5?00°  C.    Thft  numbers  thus  ob- 
tained will  therefore  represent  the  actual  pressure,  provided  the 
rock  was  in  each  case  consolidated  at  that  temperature.    It  would 
thus  appear  that  the  trachyte  of  Ponza  was  solidified  near  the  sur- 
face,  or  beneath  a  pressure  of  only  4000  feet  of  rock  ;  while  for  the 
Aberdeen  granite  the  pressure  was  equal  to  not  less  than  78,000 
feet,  and  for  the  mean  of  the  Highland   granites  76,000.    The 
Cornish  granites  vary  from  32,400  to  63,600,  and  give  as  a  mean 
50,000  feet  of  pressure.     In  this  connection  Mr.  Sorby  remarks 
that  from  Mr.  Robert  Hunt's  observation-,  on  the  mean  increase  Of 
temperature  in  the  mines  of  Cornwall,  a  heat  of  360°  0.  would 
be  attained  at  a  depth  of  53,500  feet. 

The  observations  upon  the  metamorphio  crystalline  schists  m 
the  vicinity  of  these  various  granites  show  that  their  constituent 
minerals  must    have  crystallized  at  about  the   same  tempera- 
ture as  the  granite  itself;   affording,  as  Mr.  Sorby  observes,    a 
strong  argument  in  favor  of  the  supposition  that  the  temperature 
concerned  in  thr  normal  metaraorphism  of  gneissoid  rocks  was  due 
to  their  having  been  at  a  sufficiently  great  depth  beneath  superin- 
cumbent strata  " ;  and  he  concludes  that  with  regard  to  rocks  and 
minerals  formed  at  high  temperatures,  we  have  "  at  one  end  of  the 
chain  erupted  lavas,  indicating  as  perfect  and  complete  fusion  as 
the  sla<rs  of  furnaces,  and  r,t  the  other  end  simple  quartz-veins,  hav- 
ing  a  Structure  precisely   analogou,   to  that  of  crystals  deposited 
from  water.    Between  these  there  is  every  connecting  link,  and 
the  central  link  if  granite."     When  the  water,  which  at  gr.at 
depths  was  associated  with  the  melted  rock,  was  given  off  as  vapor 
while  the  mass  remained  fused,    slag-like  lavas    resulted.      If 
however  the  water  could  not  escape  in  vapor,  it  remained,  as  we 
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h%vt  seen,  to  tako  \ii  part  in  the  cryntftDization,  in  some  cues 
forming  hydralied  minerals;  and  the  exi^ess  of  it,  as  Mr.  Sorbyaug^ 
gesls,  passed  up  ae.  a  highly  haated  liquid,  holding  dissolved 
materials,  whiijh  would  afterwards  be  deposited  ic  the  form  of 
mineral  reins  in  the  fissures  of  AUDerincumj>ent  rocks. 

I  have  thought  it  well  to  give  at  some  length  the  remarkable 
results  and  conclusions  by  Mr.  Sorby,  because  I  conceive  tbatthef 
have  not  as  yet  received  the  full  degree  of  consideration  to  which 
they  are  entitled,  and  are  perhaps  little  known  to  some  of  m-^ 
readers.*  The  tempera.are  deduced  by  him  from  the  examination 
of  the  crystals  of  hornblende  and  feldspar  from  Vesuvius  is 
curiously  supporte-l  by  the  experit^ents  of  D:\ubr4e;  who  obtained 
crystallized  pyroxene,  feldspar,  anc  quartz,  iu  presence  of  alkaline 
solutions,  at  a  temperature  of  V  f  redness;  while  De  Senarmoiit 
trystallized  quartz,  fluor-spar,  and  sulphate  of  barytes  in  presence 
of  water,  at  ieraperatures  between  200"  and  300"  C.  At  thesame 
time  the  deposits  from  tho  thermal  waters  at  Plombieres  show 
thst  crystalline  hydrous  silicates,  such  asapophylliie,  harmototiac, 
and  chabazite,  have  formed  at  temperatures  but  little  aoove  80°  0. 

Vie  conceive  that  the  deeply  buried  sedimentary  btrata,  under 
the  combined  action  of  heat  and  water,  hav^  according  to  their 
composition,  been  rendered  more  or  less  plastic,  and  in  many  cases 
have  lost  to  a  greater  or  less  degree  the  marks  of  their  sedimeti- 
tary  origin,  although  still  retaining  their  original  stratigraphical 
position.  In  other  c  ases  they  have  been  displaced,  and  by  pres- 
sure forced  among  disrupted  strata,  thus  assuming  the  form  of 
eruptive  rooks  ;  which,  becoming  consolidated  under  a  suffideht 
pressure,  retain  the  same  mineral  characters  as  in  the  parent  beds. 
It  is  only  those  rocks  which,  like  lavas,  have  solidified  at  or  Hear 
the  sur'ace  of  the  earth,  and  consequently  under  feeble  pressure 
which  present  mineralegical  characters  dissimilar  to  those  of  the 
undisturbed  crystalline  sediments.  With  this  exception^  the 
only  distinction  which  can  be  drawn  between  stratified  and 
unstratified  masces  must  in  most  cases  be  based  upon  their  attitude, 
and'  their  relation  to  the  adjacent  rocKs. 

In  view  of  these  considerations  I  have,  in  previous  papers,  adopt- 
ed for  geological   purposes  a  division  of  crystalline  rocks  into 

'"See  further  the  late  observations  of  Zirkel  confirming  those  of  Sorb'/ 
Proc.  Imp.  Acad.  Vienna,  March  12,  1863  ;  in  abstract  in  Quar.  Jour. 
Geol.  Soc.  vol.  xix. 
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indigenous  rocks,  or  sediments  altered  in  situ,  and  exotic  rocks,  op 
sediments  displaced  and  translated,  forming  eruptive  and  intrusive 
masses.  T"^  ider  the  head  of  exotic  rocks  is  however  to  be  included 
another  class  of  crystalline  aggregates,  which  are  for  the  most 
part  distinguished  by  their  structure  from  injected  or  intrusive 
masses.  I  refer  to  the  accumulations  which  fill  mineral  v^ins,  and 
which  doubtless  have  been  deposited  from  aqueous  solutions. 
While  their  peculiar  arrangement,  with  the  predominance  of 
quartz  and  non-silicated  species,  generally  serves  to  distinguish 
the  contents  of  these  veins  from  those  of  injected  plutonic  rocks, 
there  are  not  wanting  oases  in  which  the  predominance  of  feld- 
spar and  mica  gives  rise  to  aggregates  which  have  a  certain 
resemblance  to  dykes  of  intrusive  granite.  From  these  however* 
true  veins  are  generally  distinguished  by  the  presence  of  miner- 
als containing  boron,  fluorine,  phosphorus,  coesiura,  rubidium,  lith- 
ium, glucinum,  zirconium,  tin,  columbium,  etc. ;  elements  which 
are  rare,  or  found  only  in  minute  quantities  in  the  great  mass  of 
sediments,  but  are  here  accumulated  by  deposition  from  waters, 
which  have  removed  these  elements  from  the  sedimentary  rocks, 
and  deposited  them  subsequently  in  fissures. 

No  one  at  the  present  day  will  probably  be  found  to  deny  the 
plutonic  origin  of  most  non-stratified  rocks,  so  that  the  once  vexed 
questions  of  the  neptunists  and  plutonists  may  be  regarded  as  set- 
tleo.  If  however  we  go  back  but  a  few  years  in  the  history  of 
geology,  it  will  be  found  that  an  eruptive  origin  was  theu  claimed 
for  many  ocks  which  are  now  admitted  to  be  indigenous.  It  is 
scarcely  necessary  to  refer  to  the  views  of  those  who  have  main- 
tained the  exotic  character  of  many  quartzites  and  crystalline 
limestones,  when  a,  majority  of  writers,  even  to  the  present  day, 
class  serpentines,  euphotides,  and  liyperites  among  eruptive  rocks; 
although  the  experience  of  every  field-geologist  is  accumulating, 
from  year  to  year,  a  great  mass  of  evidence  in  favor  of  the  indige- 
nous nature  of  all  these  rocks.  The  sedimentary  and  indige- 
nous character  of  very  many  granites,  syenites,  and  diorites  will 
now  no  longer  be  questioned.  Thus  we  find,  for  example,  that 
the  melapliyres  of  the  Tyrol,  which,  in  Von  Buch's  too-famous 
theory  ot  dolomitization,  were  supposed  to  have  been  erupted  to- 
gether with  magnesian  vapors  which  effected  the  alteration  of 
the  adjacent  limestones,  hav'>  been  shown  by  Fournet  to  be  sedi- 
ments of  Carboniferous  awo,  metamorphosed  in  situ^ — indigenous 
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rocks,  which  were  altered  before  the  Jurassic  dolomites  were  de^ 
posited  (Bui.  Soc.  Geol.  France  [2],  vi,  506-516).  In  Ike  manner 
we  find   Scipion  Gras  concluding  from  his   researches  on  the 
anthractic  rocks  of  the  Alps,  that  the  serpentines,  euphotides,  por- 
phyries, and  spiiites,  which  are  there  found  associated  with  crys- 
talline schists,  are  all  of  sedimentary  origin,  but  have  been  so  pro. 
foundly  r,ltered  in  situ  as  to  have  lost  nearly  all  traces  of  sedimen- 
tary ong,n.  (Ann.  des  Mines  [5],  v,  475.)     We  might  add  that 
tlie  tendency  of  recent  investigations  has  been  to  show  that  the 
protogines,  or  granites  of  the  summit  of  the  Alps,  are  Tertiary  strata 
altered  m  place ;  thus  confirming  the  bold  assertion  made  by  Kef- 
erstein  m  1834,  that  these  granites  are  altered  strata  of  fysch. 
(Tm  Journal  [2],  xxix,  123,  124.)   Lesley's  recent  investigations 
of  the  granites  of  the  White  Mountains  of  New  Hampshire,  show 
them  to  be  clearly  stratified  sedimentary  deposits  in  nearly  hori- 
zontal  layers.  (American  Mining  Journal,  I861,page  99;  Silliman's 
Journal  [2],  xxxi,  403.)   The  ophites  (amphibolites)  of  th«  Pyre- 
nees, which  by  Dufrenoy  and  other  French  geologist^*  have  been 
regarded  as  eruptive,  and  were  by  the  fo.mer  imagined  to  be  in 
some  mysterious  manner  related  to  the  rock-salt  and  gvpsum  of 
the  region  which  he  supposed  to  be,  like  the  ophites,  of  posterior 
origin  to  the  enclosing  strata  (Expiic.  de  la  Carte  Geol.  de  France, 
',96)  are  according  to  a  recent  note  by  Virlet,  not  eruptive,  but 
altered  indigenous  rocks  ;  belonging,  together  with  (ho  associated 
gypsum  and  saliferous  strata,   to  the  Triassic  series.  (Comptes 
Kendus  de  I'Acad.,  Aug.  1863,  p.  232).  • 

It  would  be  easy  to  multiply  examples  of  this  kind,  which  show 
that  a  careful  study  of  very  many  oi  the  crystalline  rocks  hitherto 
regarded  as  eruptive,  leads  to  the  conclusion  that  they  are  really 
indigenous  rocks.  At  the  same  time,  many  of  these  indigenous 
rocks  appear  to  have  been  at  one  timo  in  a  soft  semi-fluid  con- 
dition, which  permitted  movements  obliterating  the  marks  of 
sedimentary  origin,  and  producing  other  results  which  show  the 
passage  into  eruptive  rocks.  Thus  the  crvstalline  limestones  of 
the  Laurenlian  series  in  Canada  are  frequently  interstratified  with 
thm  beds  of  gneiss  and  quartzite,  both  of  which  are  often  found 
broken,  contorted,  and  even  twisted  spirally,  in  a  manner  which 
ndicates  great  flexibility  of  the  silicious  layers,  as  well  as  violent 

movements  in  the  nalfflrAnnQ  r«ni,      ti,«  i-f.__  .-_  _• 

»       J.  ' —   ■■""      ~"^  1  alter  13  III  sum  u  cases 

found  in  the  form  of  thin  seams  or  considerable  dykes  among  th«k 
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adjacent  broken  ailicious  strata ;  thus  assuming  for  small  distanced, 
tlie  characters  of  an  intrusive  rock.  For  some  figures  and  descrip- 
tions illustrating  these  broken  and  distorted  strata,  see  Geology  of 
Canada,  pp.  21,  28.  We  may  ako  allude  in  this  connection  to  the 
observations  of  Dr.  Hitchcock  among  the  altered  strata  of  the  Green 
Mountains,  which  seem  to  show  that  the  pebbles  of  gneiss  and  of 
quartz  in  certain  conglomerate  beds  have  been  so  softened  astohave 
been  flattened,  laminated,  and  bent  around  each  other.  (Silliman'a 
Journal  [2],  xxxi,  372.)  Hence,  while  the  tendency  of  the  various 
observations  above  cited  is  in  favor  of  the  indigenous  character 
of  many  rocks  hitherto  regarded  as  eruptive,  we  have  at  the  same 
time  evidence  that  these  rocks  are  occasionally  displaced.    We 
should  not  therefore  on  a-priori  grounds  reject  the  assertion  that 
any  raetamorphic  sediment  may  sometimes  occur  in  an  exotic 
or  intrusive  form.      A  given  rock,  like  limestone  or  diorite,  may 
occur  both  as  an  indigenous  and  exotic  rock;  and  different  por- 
tions of  the  same  mass  may  be  seen  bydifferent  observers  under  suet 
unlike  conditions  that  one  may  regard  it  as  indigenous,  and  the 
other,  with  equal  reason,  may  set  it  down  as  intrusive.    It  is  evu 
dent  then  that  to  the  lithologist,  who  examines  rocks  without 
reference  to  their  geological  relations,  the  question  of  the  exotic  or 
indigenous  character  of  a  given  reck  is,  in  most  cases,  one  alto- 
gether foreign  ;  and  one  which  can  frequently  be  decided  only  by 
the  geologist  in  the  field.     Hence,  although  generally  made  a  fun- 
damental distinction  in  classification,  it  will  be  disregarded  in  the 
following  sketch  of  the  nomenclature  of  crystalline  rocks. 

I  may  here  allude  to  a  fact  which  I  have  already  noticed,  and  tried 
to  explain,  (Silliman's  Journal  [2],  xxxi,  414,  and  xxxvi,  220,7iofe,) 
th&t  throughout  the  great  raetamorphic  belt  which  constitutes  the 
Appalachian  chain,  exotic  rocks  are  comparatively  rare  (at  least 
in  New  England  and  Canada)  ;  but  abound,  on  the  contrary,  among 
the  unaltered  strata  on  either  side.  Illustrations  of  this  are  seen 
in  the  valley  of  Lake  Champlain,  and  in  its  northward  continuar 
tion  toward  Montreal,  in  those  of  the  Hudson  and  Connecticu*, 
»nd  in  the  northeastward  continuation  of  the  latter  valley  by  Lake 
Memphramagog  to  the  Bay  of  Chaleufs,  which  is  marked  througlx- 
out  by  intrusive  granites.  In  accordance  with  the  reasons  already 
assigned  forihis  distribution  of  exotic  rocks,  it  is  probable  that  a 
similar  condition  of  things  will  be  found  to  exist  in  other  regions ; 
and  that  eruptive  rocks  will,  as  a  general  rule,  be  found  among 
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unaltered,  rather  than  among  metaraorphic  strata.  It  is  of  course 
possible  that  a  crystallization  of  the  sediments  may  in  some  cases 
take  place  subspquent  to  the  eruption  of  foreign  rocks  into  their 
midst.  The  rarity  of  intrusive  rocks  among  crystalline  strata, 
not  less  than  the  unaltered  condition  of  sediments  which  are  tra- 
Tersed  by  abundant  intrusive  masses,  is  a  strong  proof  of  the  fair 
lacy  of  the  still  generally  received  notion  which  connects  meta- 
morphism  with  the  contiguity  of  eruptive  rocks. 

II.  Classification  and  Nomenclature. 

It  is  proposed  in  this  second  part,  to  describe  briefly  the  com- 
position, structure,  and  ncraenclature  of  the  various  crystalline 
silicated  rocks,  considered  without  reference  to  the  distinction  be- 
tween indigenous  and  intrusive  masses.  Comparatively  few  of 
these  rocks  are  homogeneous,  or  consist  of  a  single  mineral  species 
and  the  james  which  have  been  applied  to  varying  mixtures  of 
different  species  are  of  course  arbitrary ;  and  as  they  have 
often  been  given  without  any  previous  mineralogical  study,  it  some- 
times happens,  that,  as  in  the  case  of  the  rocks  composed  of 
anorthic  feldspars  and  pyroxene,  different  names  have  been  pro- 
posed for  varieties  very  closely  related,  or  differing  from  oae 
another  only  in  texture  or  in  structure. 

The  minerals  essential  to  the  composition  of  the  rocks  under 
consideration  are  few  in  number,  and  are  as  follows :  quartz,  or- 
thoclase ;  a  triclinic  feldspar  which  may  be  albite,  oligorlasCf 
andesine,  labradorite,  or  anorthite ;  scapolite,  leucite,  nepheline 
sodalite  ;  natrollte,  or  some  allied  zeolite ;  iolite,  garnet,  epidote, 
woll^stonite,  hornblende,  pyroxene,  olivine,  chloritoid,  serpentine, 
diallage ;  rauscovite,  phlogopite,  and  some  other  micas  ;  chlarite, 
and  talc.  To  these  may  be  added  as  accidental  ingredients,  the  car- 
bonates of  lime  magnesia,  and  protoxyd  of  iron,  together  with 
magnetite,  ilmenifce,  and  sphenc.  The  silicates  which,  like  tourma- 
line,, beryl,  zircon,  spodumene,  and  lepidolite,  contain  considerable 
portions  of  the  rarer  elements,  and  often  otcur  with  quartz  and 
feldspar  in  granitic  veins,  whose  origin  has  already  been  alluded 
to,  enter  at  most  in  very  small  quantity  into  great  rock-massea. 

.  ....      T  •■  •  .._•*'* r--»      »  •!     cvi  it'/ift*  I  V     Mi      "-  s  Y  "i-t*'  i  *  s**j      ■  ■>  -»  'r*.?-*     •••  **     w*-,w 

deserving  of  notice  as  they  have  led  to  a  greait  multiplication  of 
names.  We  may  note  first  the  granitoid  stricture,  in  which  the 
mineral  elements  are  distinctly  crystalline,  a.  in  sfranite.     From 
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this,  there  is  a  gradual  passage  through  granular  into  compact 
tarielies  of  rock.     Most  of  these  are  simply  finely  granular,  and 
are  rightly  entitled  to  the  distinction  of  crypto-crystalline ;  but 
others,  like  the  pitchstones,  obsidians,  and  lavas,  are  apparently 
amorphous,  and  are  natural  glasses.   In  some  cases  the  constituent 
minerals  may  be  so  arranged  as  to  give  a  schistose  or  agneissoid 
form  to  a  rock.  This  arrangement  is  generally  to  be  looked  upon  as 
an  evidence  of  stratification ;  but  something  similar  is  occasionally 
•bserved  in  eruptive  masses.    In  the  latter  case  it  generally 
seems  to  arise  from   the  arrangement  of  crystals  during    the 
movement  of  the  half  liquid  crystalline  mass  ;  but  it  may  in  some 
instances  arise  from  the  subsequent  formation  of  crystals  arranged, 
m  parallel  planes. 

See  on  this  point  Naumann  On  the  Probable  Eruptive  Origin  of 
Several  Kinds  of  Gneiss,  etc. ;  Leonhard  and  Bronn,  Neues  Jahr- 
buch  for  1847,  and  Poulett  Scrope,  Geol.  Journal,  xii,  345.    I 
consider  however  that  their  views  are  to  be  adopted  with  great  re- 
serve, and  admitted  only  in  a  very  few  cases.    The  ribbanded  struc- 
ture of  some  porphyries  and  clinkstones,  as  noticed  by  S.rope,  is 
undoubtedly  the  result  of  movements  in  the  liquid  mass,  and  the. 
same  is  true  of  some  of  the  granitoid  dolerites  to  be  described  in 
Ine  third  part  of  this  paper;  but  the  eruptive  origin  assumed  by 
Darwin,  Naumann,  and  some  others  for  great  areas  of  gneiss  and 
gneissoid  granite,  seems  to  a  student  of  the  crystalline  rocks  of  this- 
continent  utterly  untenable.     As  has  been  already  remarked,  the 
progress  of  each  year's  investigation  restores  to  the  category  of 
indigenous  rocks  many  of  those  previously  regarded  as  eruptive, 
and  will,  I  am  convinced,  cenfirm  the  principle  which  I  have  laid 
down  of  the  comparative  rarity  of  exotic  rocks  in  crystalline 
and  in  rnetanorphic  regions. 

Occasionally  the  crystallization  of  a  rock  takes  places  around  cer- 
tarn  centres,  giving  rise  to  rounded  masses  which  have  a  radiated  or 
a  concentric  structure,  and  constitute  the  so-called  globular  or  orbi- 
cular roi.ks.  Distinct  crystals  of  some  mineral,  generally  feld- 
spar, augite,  or  olivine,  are  often  found  imbedded  in  rocks  having  a 
compact  base.  To  such  rocks  the  name  of  porphyry  is  given,  and 
by  analogy  a  rock  with  agranular  base enclosin/dislinct  crystals 
isdesignated  as  porphyritic  or  porphyroid.  Amorphous  or  vitreous 
reeks,  fis  pitchstones,  are  In  like  manner  sometimes  porphyritic. 
The  name  of  porphyry,  at  first  given  to  a  peculiar  type  of  fold- 
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spathic  rocks,  has  now  become  so  extended  that  it  is  to  be  regarded 
as  only  indicating  an  accident  of  structure.'  The  title  of  amyg- 
daloid is  given  to  various  rocks  having  rounded  cavities  which  are 
wholly  or  partially  filled  with  various  crystalline  minerals.  The 
base  of  these  rocks  is  generally  granular  or  crypto-crystalline ; 
but  is  sometimes  amorphous,  resembling  a  scoria  or  vesicular 
lava,  the  cavities  of  which  have  been  filled  by  infiltration.  Such  is 
doubtless  the  origin  of  some  amygdaloids.  In  more  cases  how- 
ever these  cavities  have  probably  been  formed  like  those  often 
found  in  dolomites,  and  in  some  other  rocks,  by  a  contraction  during 
solidification.  Porphyroid  rocks,  in  which  quartz,  orthoclase,  and 
other  raineials  are  arranged  in  orbicular  masses,  are  also  Fometimeg 
designated  as  amygdaloids,  and  may  be  confounded  with  the 
two  previous  classes  in  which  the  imbedded  minerals  are  the  result 
of  subsequent  infiltration.  Allied  in  strucure  and  origin  to  the 
last  are  what  are  named  variolites  or  variolitic  rocks.  (See 
Geology  of  Canada,  pp.  606,  607.) 

The  masses  into  which  some  aluminous  minerals  enter  as  a 
prominent  element  constitute  by  far  the  greater  part  of  the  rocki 
now  under  consideration.     These  are  n-.turally  divided  into  two 
classes,  whose  origin  we  have  pointed  rut  in  a  recent  paper  already 
referred  to.  (Silliman's  Journal  [2],  xx  ;vi,  2 18.)  The  first  of  these  is 
characterized  by  containing  an  excess .  f  silica,  with  a  portion  of  alu- 
mina, much  potash,  and  small  portions  only  of  lime,  magnesia,  and 
oxydof  iron.  The  second  class  contains  a  smpller  amount  of  silica 
and  larger  proportions  of  alumina,  lime,  magnesia,  and  oxyd  of  iron* 
with  soda,  and  but  little  potash.    These  chemical  differcuces  are 
made  apparent  in  the  more  coarsely  crystalline  rocks,  by  the  nature 
of  the  constituent  minerals  ;  and  in  the  compact  varieties,  by  differ- 
ences in  color,  specific  gravity,  and  hardness.     Thus  in  the  rocks  of 
the  first  class  the  predominant  mineral  is  orthoclase,  generallv  asso- 
ciated with  quartz,  and  the  composite  rocks  of  this  class  seldom 
have  a  density  much  above  that  of  these  species ;  or  from  2.6  to  2.1. 
In  the  second  class,  the  characteristic  mineral  is  atriclinic  feldspar 
with  pyroxene  or  hornblende,  the  feldspar  sometimes  predominant  *; 
while  in  other  cases  the  pyroxene  or  hornblende  makes  up  the 
principal  part  of  the  rock.    The  presence  of  these  latter  minerals 
generally  gives  to  the  fine-grained  rocks  of  this  class  a  dark  c^Ior, 
a  hardness  somewhat  inferior  to  the  more  siHcioua  class,  and  .• 
density  which  may  vary  from  2.1  to  more  than  9,0.     It  will 
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however  be  found  that  the  line  between  the  two  classes  cannot 
always  be  distinctly  drawn:  inasmuch  as  rocks  containing, 
orthoclase  and  quartz  often  include  triclinic  feldspars  such  aa 
albite  and^  oligoclase,  and  by  an  admixture  of  hornblende  oflfer  a 
transition  to  rocks  of  the  second  class.  On  the  other  hand,  quart* 
is  sometimes  found  with  triclinic  feldspars  and  hornblende  in 
the  rooks  of  the  second  class.  Besides  these  two  feldspathic 
clashes,  there  is  a  third  small  but  interesting  group,  in  which  an 
aluminous  silicate  of  high  specific  gravity,  such  as  garnet, 
epidote,  or  zoisite  replaces  the  feldspar  wholly  or  in  part.  These 
minerals  being  basic  silicates  rich  in  alumina,  the  relations  of 
this  group  are  naturally  with  those  of  the  second  class,  although 
yarieties  of  these  species  are  found  in  rocks  which  belong  to  the 
first  class. 

The  silico  aluminor.?  crystalline  rocks  may  thus  be  convenient- 
ly divided  intotliree  families.  The  first  of  these  includes  those 
rocks  in  which  the  aluminous  mineral  is  orthoclase  (orthose), 
from  which  ihey  may  be  conveniently  designated  by  the  name  of 
the  orthosite  family.  The  second  includes  those  in  which  the  altt- 
minous  elemenr  is  an  anoithic  or  tiiolinic  feldspar,  and  may  be 
designated  as  the  a«or<feo.si<e  family:  chemically  related  to  this 
are  those  rocks  holding  as  one  of  thtir  elements  nepheline,  leucite 
or  scnpolite.  The  third  family  includes  those  rocks  which  contain 
an  aluminous  silicate  of  high  density,  as  epidote,  zoisite,  garnet, 
andiilusite,  or  kyanite,  in  place  of  a  feldspathide.  lolite  or  dich- 
roite,  which  enters  into  the  composition  of  some  orthosite  rocks, 
appHurs  from  itj  atomic  volume  to  be  related  to  the  feldspars,  and 
should  take  its  place  along -side  of  anorthite  and  scapolite  as  a 
magiiesian  feldspathide,  while  beryl  in  like  manner  appears  to 
be  a  gluc.inic  feldspathide. 

It  is  worthy  of  notice,  that  some  feldspars  hnving  the  crystalliza- 
tion and  density  of  orthoclase,  nevertheless  contain  large  propor- 
tions of  soda.  The  loxoclase  of  Breithaupt  appears  from  the 
analyses  of  Smith  and  Brush  to  be  a  true  soda-orthoclase  (Silliman'a 
Journal  [2],  xvi,  43);  while  the  sanidine  or  glassy  feldspar  of 
many  liadiytes  contains  potash  and  soda  in  nearly  equal  propor- 
tions The  n;irae  of  potash-alhite  has  been  given  to  some 
feldspars  of  this  composition;  but  the  trachytic  rocks  here- 
after to  be  described  contain  feldspars,  which,  without  being 
glassy,  have  the  composition  of  sanidine,  together  with  a  cleavage 
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and  specific  gravity  whicli  show  them  to  belong  to  orthoclase,  rather 
than  toalbite.  The  anorthic  feldspars  offer  in  their  composition  sQch 
gradations  from  albite  to  anorthite,  that  the  various  intermedi&t^ 
species  which  have  been  distinguished  seem  to  pass  into  each 
Other.  (Silliman's  Journal  [2],  xviii,  270,  Phil.  Mag.  [4],ix,  262.)[ 

Next  to  the  feldspars  in  lithological  importance  are  the  two 
species,  pyroxene  and  hornbleijide.    These  are  sometimes  found 
associated  in  the  same  rock,  and  the  varieties  of  pyroxene  known 
as  diallage  and  smaragdite  are  frequently  surrounded  or  penetra- 
ted by  hornblende.     This  association  of  the  two  species  should  be 
kept  in  mind,  inasmuch  as  the  substitution  of  pyroxene  for  horn- 
blende in  anorthosites,  has  been  made  the  basis  of  a  subdivision  in 
classification.  (Silliman's  Journal  [2],  xxvii,  339.)  Among  the  micas 
found  in  silicated  rocks,  besides  muscovite  and  a  magnesian  mica 
(phlogopite  or  biotite),  are  to  be  included  the  hydrated  micas 
observed  by  Haughton  la  many  of  the  Irish  granites.    Of  these  the 
one  is  margarodite,  and  the  other  a  uniaxial  black  mica,  also  hydra- 
ted, which  he  has  referred  to  lopidomelane.   (Trans.   Royal  Irish 
Acad.,  xxiii,  593.)  The  presence  of  from  four  to  six  hundredths  of 
water  in  the  micas  of  these  granites  is  important  in  connection  with 
the  evidence  already  given  of  the  intervention  of  water  in  the  for- 
mation of  granitic  rocks.    These  two  hydrous  micas  were  often 
found  by  Haughton  to  be  united  in  the  same  crystal ;  and  Rose  has 
remarked  a  similar  association  of  potash-mica  and  magnesian  mica 
in  certain  granites.    (Senft,  die  Felsarten,  p.  206.) 

A  scientific  nomenclature  for  compound  rocks  presents  such, 
great  difiBculties  that,  we  must  be  content  for  the  most  part  with 
trivial  names  which  have  from  time  to  time  imposed.  In  the  case 
of  simple  rocks,  the  terms  quartzite,  pyroxenite,anortho8ite,  and  or- 
thoclasite  are  sufiBciently  definite,  or  they  may  be  farther  charac- 
terized as  normal  orthoclasite,  etc.;  while  quartzose,  micaceous, 
and  quartzo-micaceo-hornblendic  orthoclasite  would  designate 
various  compouiid  rocks  of  which  orthoclase  is  the  base;  Such 
names,  however  descriptive,  will  never  replace  the  older  terms 
granite,  syenite,  etc.,  which  are  employed  to  designate  certain 
forms  of  orthosite  rockg.  The  frequent  association  of  a  triclinio 
feldspar  (oligoclase)  with  orthoclase  in  granite  rocks,  and  the  par- 
tial or  total  replacement  of  the  micas  generally  present  in  these,  by 
hornblende,  by  chlorite,  or  by  talc,  giving  rise  in  the  latter  esse 
to  what  is  called  protogine,  are  well   known.    NepKeline  (elaep- 
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Hte),  natrolite,  iolite,  and  magaetite  are  Bometimos  found  as  ele- 
ments in  granitic,  gneissic,  and  syenitic  rocks.  The  name  ot 
miascite  is  given  to  a  granitic  minature  of  orthoclase  and  ^^lack 
mica  with  elaeolite,  sometiraes  with  hornblende,  albite,  andquar.tz. 

The  structure  of  these  orthosite  rocks  gives  rise  also  to  a  great 
variety  of  names;  thus  to  coarsely  lanaellar  granites  the  name  of 
pegmatite  is  sometimes  given,  while  fine-grained  mixtures  of  ortho- 
c.ase  and  quartz  have  received  the  names  of  granulite,  leptinite, 
and  eurite,  or  when  apparently  homogeneous  and  crypto  crystal- 
line are  called  petrosilex.  These  latter  forms  often  become  porphyr- 
itic  from  the  presence  of  crystals  of  orthoclase,  giving  rise  to  or- 
thoclase-porphyry,  or  orthophyre.  In  some  of  these  porphyries,  as 
in  those  of  Grenville,  to  be  described  in  the  third  part  of  this  paper 
quartz  is  also  present  in  distinct  grains  or  crystals ;  while  in  some 
of  the  red  antique  porphyries  the  feldspathic  base  contains  no 
excess  of  silica,  and  occasionally  encloses  crystals  of  oligoclase  or 
of  hornblende.  In  many  cases  the  granites,  syenites,  orthophyres, 
and  other  orthosite  rocks  just  mentioned  are  intrusive ;  while  in 
other  instances,  rocks  lithologically  indistinguishable  from  these  are 
indigenous,  and  becoming  schistose  pass  into  gneiss  and  mica- 
schist. 

The  rocks  to  which  the  name  of  trachyte  has  been  given  are 
gen  -rally  composed  in  great  part  of  orthoclase  (saniJine).  The 
typical  varieties  of  these  rocks  are  white  or  of  pale  colors,  granu- 
lar or  finely  crystalline,  and  frequently  porous  or  cellular.  They 
appear  to  consist  of  grains,  crystals,  or  lamellae  of  orthoclase,  aggre- 
gated without  any  cementing  medium,  and  to  this  seems  to  be  due 
that  roughness  to  which  the  rock  owes  its  name.  Oligoclase,  quartz, 
hornblende,  and  mica  are  also  met  with  in  this  rock,  which  becom- 
ing coarsely  granular,  passes  into  granite.  Such  is  the  case  with 
the  trachytes  of  the  Sierra  of  Carthagena  in  Spain,  described  by 
Fournet  as  passing  from  a  dull  rough  grayish  feldspathic  mass, 
into  a  highly  crystalline  aggregate  of  feldspar  and  mica,  with  or 
without  hyaline  quartz,  enclosing  hornblende,  red  garnet,  and  fine 
blue  iolite.    (Comptes  Rendus,  xliv,  p.  18S4.) 

The  trachytic  texture  is  not  confined  to  orthosite  rocks.  Abich 
has  described  under  the  name  of  tracby-dolerites  a  group  of  tra- 
chytoid  anorthosites  (do'arites).      The  cone  of  the  Soufriere  of 

dl^^Aat'^-"^"    i~     J iVi~A     1 T^ :i!~ -     U     ^^a..,.l«.  -»^1, 

'uunudivu^-o   IS    ucsviiUcQ.    Dy    x/CTiiic   as     a    ivugu    ^lauuiat   iKr\j&. 

having  the  external  characters  of  trachyte,  from  which  it  is  difl< 
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tinguished  by  its  somewhat  greater  density  (2-75).  It  consists 
essentially  of  labradorite,  with  a  little  quartz,  pyroxene,  olivine, 
and  magnetite.  (Bui.  Soc.  Geol,  de  France  [2],  viii,  426.)  Hum- 
boldt designates  the  tracby-dolerites  of  Etna  and  of  the  Peak  of 
Teneriffc  as  trachytes  (Comptes  Rendus,  xliv,  1067) ;  so  that  this 
word,  like  porphyry,  comes  to  indicate  nothing  more  than  a  pecu- 
larity  of  structure,  which  may  be  assumed  by  various  feldspathic 
rooks.  The  trachytic  orthosites,  as  W3  have  seen,  pass  into  gran- 
ites, from  which  they  do  not  differ  in  chemical  composition  ;  and 
their  differences  in  texture  probably  depend  upon  the  fact  that  the 
one  was  solidified  under  great  pressure,  and  the  other  near  the  sur- 
face, trachytes  passing  in  fact  into  lavas.  The  observations  of  Sorby 
on  the  fluid-cavities  in  the  crystals  of  granites  and  of  trachytes 
are  in  point. 

Among  the  intrusive  rooks  of  Canp  \»  to  be  described  are  granitoid, 
compact,  and  earthy  varieties  of  trachytic  orthosites,  besides  tra- 
chytic porphyries.  These  rocks  often  contain  disseminated  earthy 
carbonates,  sometimes  in  considerable  amount;  as  Devills  had 
already  shown  for  some  of  the  trachytes  of  Hungary,  and  as  I  have 
also  observed  for  those  of  the  Siebengebirge  on  the  Rhine.    Tra- 
chytes also  hold  in  some  cases  disseminated  portions  of  a  zeolite, 
apparently  natrolite ;  and  through  this  mixture  pass  into  phono^ 
lites,  of  which  a  characteristic  variety  will  be  noticed  in  this  paper. 
Obsidian  and  pumice^tone,  which  are  often  associated  with  ortho- 
clase  trachytes,  are  related  to  them  in  composition ;  and  pitchstone 
and  perlite  are  similar  rocks,  differing  however  in  containing  some 
combined  water.    Rocks  resembling  pitchstone,   and   sometimes 
porphyritic  from  the  presence  of  distinct  crystals  of  feldspar,  occur 
in  the  south  side  of  Michipicoten  Island,  Lake  Superior,  but  have 
not  yet  been  examined.  (Analyses  by  Jackson  and  by  Whitney  of 
thepitchstonesof  Isle  Royale  will  be  found  in  SiUiman's  Journal 
[2],  xi,  401 ;  xvii,  128.) 

The  presence  of  an  anorthic  feldspar,  generally  oligoclase,  in 
many  granites  and  trachytes,  not  less  than  the  admixture  of  or- 
thoolase  crystals  in  some  of  the  trachytic  dolerites  of  Etna,  serves 
to  connect  the  orthosite  with  the  anorthosite  family.  Great'masses 
of  indigenous  rock  in  the  Labrador  series  in  Canada,  are  made  up  of 
almost  pure  granular  labradorite,  or  related  triclinic  feldspars,  2nd 
miffht  be  termed  norrhnl  AnnrfKinoffno  /'.Q;)N>v,.>^t.  t i  ^s^^  -^     • 

224: ;  Geol.  of  Canada,  688.)     In  most  cases  howerer,  titjse  ffeld- 
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spars  are  intermingled  with  some  other  mineral,  commonly  horn* 
blende  or  pyroxene. 

The  name  of  diorite  is  by  good  authorities  restiicted  to  rocka 
whose  predominant  elements  are  triclinic feldspars  with  hornblende; 
■while  the  names  of  diabase  and  dolerite  distinguish  those  rouka  in 
•which  pyroxene  takes  the  place  of  hornblende.  In  some  anortho- 
site  rocks  however,  pyroxene  and  hornblende  are  intimately 
associated,  so  that  a  passage  is  established  from  diorite  to  dia- 
base. The  feldspar  of  diorites  varies  in  composition  from  albite  to 
anorthite,  and  is  occasionally  accompanied  by  quartz.  This, 
though  most  frequent  with  the  more  tilioious  feldspars,  is  some- 
limes  met  with  in  diorites  which  contain  feldspars  approaching  to 
anorthite  in  composition.  Sometimes  the  two  constituent  minerals 
are  distinct  and  well  crystallized,  constituting  a  granitoid  rock : 
fine  examples  of  this,  hereafter  to  be  described,  occur  in  the  intru- 
sive hills  of  Yamaska  and  Mount  Johnson.  At  other  times  the 
diorite  is  finely  granular  or  compact,  when  its  color  is  generally 
of  a  green  more  or  less  dark  from  the  disseminated  hornblende, 
and  it  takes  the  name  of  greenstone.  The  greenstones  of  the 
Huronian  series  are  in  part  at  least  diorites,  and  probably  indige- 
nous; but  a  great  number  of  the  so-called  greenstone-traps  are 
pyroxenic,  and  belong  to  the  class  of  diabase  or  dolerite.  Diorite 
not  unfreqnently  contains  a  mica,which  is  generally  brown  or  black 
in  color.  Chlorite,  magnetite,  ilmenite,  and  sphene  often  occur  as 
disseminated  minerals,  as  also  carbonates  of  lime,  magnesia,  and 
oxyd  of  iron.  The  finer-grained  diorites  are  frequently  porphy- 
ritic  from  the  presence  of  crystals  of  feldspar  or  of  hornblende. 
Occasionally  this  rock  is  concretionary  in  its  structure,  as  in  the 
orbicular  diorite  or  napoleonite  of  Corsica ;  which  contains  a 
feldspar  allied  to  anorthite,  with  hornblende,  and  some  quartz. 
The  norite  from  Sweden  is  a  granular  mixture  of  a  similar  kind, 
containing  also  mica ;  and  the  ophite  of  some  writers  is  a  diorite 
in  -which  hornblende  greatlv  predominates. 

The  rocks  which  are  essentially  composed  of  anorthic  feldspar 
and  pyroxene,  present  still  greater  diversifies  than  the  diorites,  and 
have  received  various  names  ba^ed  upon  differences  in  texture  and 
in  the  form  of  the  pyroxenic  element.  It  is  here  proposed  to  re- 
strict the  name  of  dolerite  to  such  of  these  rocks  as  contain  the 
blank  auoritiu  variety  of  nvroxene.  and  to  inr.lndft  the  mixturea  of 
triclinic  feldspars  with  all  the  other  varieties  of  this  species  uuder 
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the  head  of  diabase.  The  finer-grained  and  impalpable  varieties 
of  diabase  have  received  the  name  of  aphanite ;  which  is  often  indis- 
tinguishable from  the  corresponding  forms  of  diorite,  and  like  these 
may  become  porphyritic,  giving  rise  to  the  angite-porphyry  of  some 
authors.  Diflferent  varieties  of  this  porphyry  have  received  the 
name  of  labradophyre,  oligophyre,  and  albitophyre,  according  to 
the  composition  of  the  imbedded  feldspar  crystals.  These  are 
sometimes  accompanied  by  crystals  of  augite,  or  are  altogether 
replaced  by  tliera. 

The  came  of  hyperite  or  hypersthenite  has  been  given  to  those 
varieties  of  diabase  which  contain  hypersthenc  or  diallage.  These 
rocks  occur  abundantly  in  the  Labrador  series,  where  the  hypers- 
thene  in  them  sometin  ^s  takes  the  form  of  a  green  diallage,  or 
passes  into  a  finely  granular  pyroxene,  and  is  associated  with  red 
garnet,  ilmenite,  and  a  little  brown  mica ;  in  addition  to  which 
epidote  is  said  to  occur  in  the  hyperites  of  the  came  series  in 
New  York,  and  olivine  is  mentioned  as  being  found  in  the  hyper- 
ites of  Sweden,  and  of  the  Island  of  Skye.  Hornblende  is  also  in 
some  localities  associated  with  the  hypersthene.  The  hyperites, 
although  indigenous  rocks  in  the  Labrador  series  in  Canada,  are 
described  as  forming  in  other  regions  intrusive  masses. 

Those  varieties  of  diabase  or  hyperite  which  contain  dialTage, 
have,  by  the  Italian  lithologists  been  called  granitone,  but  by 
Rose  and  others  have  been  described  under  the  name  of  gabbro. 
This  rock  sometimes  contains  hornblende,  mica,  and  an  admixture 
of  epidote.  A  compact  white  or  greenish-white  epidote,  or  zoisito, 
which  has  the  hardness  of  quartz  and  a  density  of  3.3  to  3.4,  is 
the  mineral  named  saussurite.  This  with  smaragdite,  which  is  an 
emerald-green  pyroxene,  often  minged  with  hornblende,  and 
passing  into  diallage,  forms  the  euphotide  of  Hauy.  Com. 
pact  varieties  of  labradorite  and  of  other  triclinic  feldspars  have  by- 
most  of  the  modern  lithologists  been  confounded  with  saussurite 
and  hence  the  name  of  euphotide  is  frequently  given  to  the  so- 
called  granitone  or  gabbro,  whish  is  only  a  diallagic  variety  of 
diabase.  The  true  euphotide  often  contains  a  portion  of  talc,  and 
sometimes  encloses  crystals  of  a  triclinic  feldspar,  apparently  lab- 
radorite, thus  oflFering  a  transition  to  diabase.  See  farther  ray 
researches  on  euphotide  and  saussurite ;  Silliman's  Journal  [2] 
xxvii,  339;  and  xxxvii,  426. 

Under  the  name  of  dolerite,  as  already  remarked,  it  is  proposed 
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to  class  such  anonbosite  rocks  as  contain  a  black  ferruginous 
pyroxene  or  augite.  These  rocks,  which  are  sometimes  coarsely 
granular  or  granitoid  in  their  structure,  pass  into  fine-grained  or 
compact  varieties,  which  are  distinguished  by  the  names  of  anarae- 
site  and  basalt.  To  these  latter  varieties  belong  a  great  part  of  the 
greenstone-traps,  although  in  rocks  of  this  texture  it  is  often 
impossible  to  determine  whether  it  is  hornblende  or  pyroxene 
whicli  is  mingled  with  the  feldspar.  Olivine  in  grains  or  crystals 
frequently  occurs  both  in  the  fine-grained  basaltic  doleritos  and 
the  granitoid  varieties,  giving  rise  by  its  predominance  to  what  is 
called  peridotite.  Some  fine-grainod  dolerites  are  porphyrilic 
fiom  the  presence  of  black  cleavable  augite  crystals,  forming  an 
augite-porphyrv.  Finely  disseminated  carbonates  of  lime  and  oxyd 
of  iron  are  occasionally  present  in  these  rocks  to  the  extent  of 
twenty  per  cent.,  and  even  more.  In  like  manner,  magnetite  and 
ilmeuite,  wbioh  are  often  associated,  may  constitute  several  hun- 
dredths of  the  mass.  Many  fine-grainad  greenstones  contain,  like 
phonolite,  large  portions  oi  some  zeclilic  mineral,  and  they  often 
abound  in  chlorite.  The  pyroxene  in  these  rocks  is  sometimes 
replaced  by  a  highly  basic  silicate.  Some  varieties  of  what  has 
been  called  diallage  may  be  represented  as  an  aluminiferous  pyrox- 
ene "plm  a  hydrate  of  magnesia.  At  other  times  a  mineral 
approaching  in  composition  to  a  ferruginous  chlorite  (frequently 
amorphous)  enters  into  the  composition  of  these  anorthosites,and 
e>i.n  in  some  cases  appears  to  replace  altogether  the  pyroxene  or 
the  hornblende,  constituting  an  aberrant  form  of  diorite  or  of 
diabase,  which  is  not  uncommon  among  greenstones,  and  for  which 
a  distinctive  name  is  needed.  See  on  this  point  Geology  of  Canada, 
pp.  469,  605,  and  the  remarks  on  melaphyiv,  below. 

The  finer-graint  dolerites  are  often  cellular,  giving  rise  to 
amygdalo' le,  ^hose  cavities  are  generally  filled  with  calcite, 
quartz,  orsonj-3  ^eo'.itic  miner-^h.  To  these  amygdaloids  tho  name 
of  spilitf*  fs  i«>niatiir.8s  gi'  n.  Earthy  varieties  of  basalt,  which  are 
frequently  the  result  of  partial  decomposition,  constitute  the  wacke 
of  some  writers.  It  is  doubtful  how  far  many  of  thps?  spilites  and 
wackes  have  a  claim  to  be  considered  as  crystallii  rocks,  inas- 
much as  they  appear  in  very  many  cases  to  be  nothing  more  than 
aqueous  sediments  accumulated  under  ordinary  conditious,  or  per- 
haps  in  some  cases  derived  from  volcanic  ash  or  volcanic  mud.  As 
the  other  extreme  of  this  series  of  rocks  we  may  notice  that  dole- 
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rites  often  assume  atrachytio  form, —the  trachy-dolerites  already- 
mentioned, — or  constitute  the  laras  from  modern  volcanoes. 

Among  the  compound  rocks  which  are  related  to  the  preceding 
group  by  the  presence  of  augi'te,  may  be  noticed  nephelinc-dolerite, 
in  which  uepheline  replaces  the  feldspar ;  and  analcimite,  a  variety 
into  which  analcime  enters  in  large  amount.  Scapolite  also  in 
some  cases  replaces  feldspar,  and  forms  with  green  pyroxene,  a 
peculiar  aggregate  associated  with  the  Laurentian  limestones 
LGUcite  enters  as  an  important  element  i'i  some  dolerites,  and  even 
replaces  wholly  the  feldspathic  element,  giving  rise  to  what  has 
befen  called  leucitophyre  or  leucilite. 

[Leucite  is  generally  regarded  as  an  exclusively  volcanic  mineral ; 
but  according  to  Fournet,  it  occurs  like  other  feldspars  in  rninoral 
veins,  forming  the  gangue  of  certain  auriferous  veins  in  Mexico 
(Gdologie  Lyonnaise,  page  261).  According  to  Scheerer,  !<^ufite 
also  occurs  in  drusy  cavities  with  zeolites  and  quartz  at  Arendal  in 
Norway  ;  although  it  would  seem  to  be  rare  in  this  locality  since 
Durocher  was  not  able  to  detect  it.  (Annales  desMines[4],  i,218). 
The  conditions  required  for  the  formation  of  this  feldspathide 
must  be  peculiar,  since  the  volcanic  rocks  which  afford  it  are  con- 
fined to  a  few  localities  ;  akd  since  while:  it  contains  a  large  amount 
of  potash  it  is  a  basic  silicate,  and  found  among  highly  basic  rocks, 
in  which  potash  compounds  are  generally  present  only  in  very 
small  quantities.  The  agalmatolite  rocks,  including  dyssyntribite 
and  parophite  (Geology  of  Canada,  page  484),  are  however 
basic  aluminous  silicates  in  which  potash  predomioates,  and  might 
be  supposed  under  rertaiii  conditions  of  metamorphism  to  yield 
leucitic  rocks.] 

Thenameof  raelaphyre,  which  is  employed  by  many  writers  on 
lithology  requires  a  rotice  in  this  connection.  It  was  proposed  by 
Brongniart  as  a  synonym  for  black  porphyry  (raela-porphyre), 
and  defined  by  him  in  1827  as  a  porphyry  holding  crystals  of 
feldspar  in  a  base  "  of  black  petrosilicious  hornblende."  (Classif.  des 
Roches,  page  106.)  Subsequent  researches  showed  that  some  of 
these  porphyries  were  really  augitic  ;  and  Von  Buch  employed  the 
name  of  melaphyreas  synonymous  with  au^ite-porphyry, in  which 
he  was  followed  by  D'Halloy.  (Des  Roches,  p.  15.)  In  consequence 
of  this  confusion,  and  of  the  vague  manner  in  which  the  term  is 
usfifi  to  include  rocks  which  arp.  Rnmstimes  slioritss  and  sometimes 
varieties  of  dolerite  or  basalt,  Cotta  seems  disposed  to  reject  the 


name  of  melaphyre  as  a  useless  synonym,  in  which  I  agree  with 
him.  (Gosteinslehre,  page  48.)  More  recently  however,  Senfi  (Die 
Felsarten,  page  263)  has  endeavored  to  give  a  new  signification 
to  the  term,  and  defines  melaphyre  as  a  reddish-gray  or  greenish- 
brown  colored  rock,  passing  into  black,  and  containing  neither 
hornblende  nor  pyroxene.  The  melaphyres  of  Thuringia  and  of 
the  Hartz,  according  to  him,  consist  of  labradorite  with  iron- 
chlorite  (delessite),  carbonates  of  iron  and  lime,  and  a  considerable 
portion  of  titaniferous  magnetic  iron.  Hornblende  and  mica  arc 
present  only  as  rare  and  accidental  minerals.  We  have  already 
alluded  to  this  class  of  anorthosite  rocks,  as  requiring  a  distinct- 
ive name  ;  but  from  the  historical  relations  of  the  word  melaphyre. 
it  seems  to  be  an  unfortunate  appellation  for  rocks  which  are  not 
black  in  color,  and  from  which  both  hornblende  and  pyroxene 
are  absent. 

We  now  come  to  consider  that  third  group  of  silicated  rocks,  in 
which  the  feldspathides  arc  replaced  by  the  denser  double  silicates 
of  the  grenatide  family,  garnet,  epidote,  zoisite,  and  perhaps  ido- 
crase.  Red  garnet  enters  into  many  gneissic  rocks,  and  even 
forms  with  a  little  admixture  of  quartz,  rock -masses.  In  some  of 
these,  as  in  the  Laurentian  series,  there  appears  wi  admixture  of 
pyroxene,  forming  a  passage  into  omphazite  or  eologite ;  which 
consists  of  sinaragdite  (pyroxene)  and  red  garnet,  sometimes  mixed 
with  mica,  quartz,  and  kyanite,  and  passes  through  an  increase  of 
the  latter  into  disthenite  or  kyanite  ro  ;k.  An  agi^regate  of  horn- 
blende and  red  garnet  forms  beds  in  the  Green  Mountains,  and  an 
admixture  of  red  garnet  with  lievrito  and  a  little  mica  makes  up  a 
rock  in  the  Laurentian  series.  This  is  evidently  related  to  euly- 
site,  a  rock  forming  strata  in  gneiss  in  Sweden,  and  consisting  of 
garnet,  pyroxene,  and  a  mineral  'aving  the  composition  of  an 
olivine  in  which  tlie  greater  part  of  the  magnesia  is  replaced  by 
ferrous  and  raanganous  oxyds.  Related  to  this  is  an  apparently 
undescribed  rock  from  the  Tyrol,  of  which  a  specimen  is  before  me, 
consisting  of  red  garnet,  green  pyroxene,  and  yellowish-green 
olivine,  the  latter  greatly  predominating;  and  also  a  coarsely 
crystalline  rock  from  Central  France,  recently  described  by  the 
name  of  cameleonite,  and  composed  of  olivine,  with  pyroxeiiu,  and 
onstatite,  a  magnesian  aiigite ;  these  minerals  being  accompanied 
by  spinel,  splienu,  and  iliiienite.  1  have  already  alluded  to  the  true 
eupbotides,  in  which  a  compact  zoisite  ( jade  or  saussurite)  takes 
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the  place  of  feldspar  in  a  rock  the  other  element  of  which  is  pyr- 
oxene, and  have  shown  how  the  occasional  presence  of  a  triclinic 
feldspar  connects  euphotide  with  diabase.  (Silliman's  Journal  [2], 
xxvii,  336.)  In  the  same  paper  are  described  rocks  made  up  of 
a  white  compact  girnet  with  and  without  hornblende  and  feld- 
spar, and  also  an  eftidosite,  composed  of  epidote  and  quartz. 

By  the  disappearance  of  the  aluminous  silicate  from  the  rocks 
of  the  second  and  third  groups,  a  passage  is  established  to  the  am- 
phibolites  and  pyroxenites  ;  and  these,  through  diallage  rock,  oflfer 
a  transition  to  the  ophiolites  or  serpentines.  These  relations  are 
well  exhibited  in  Eastern  Canada,  where  thediorites  or  greenstones, 
which  are  sometimes  highly  feldspathic,  pass  into  actinolite  rock 
and  hornblende  slate  on  the  one  hand,  and  into  diallagic  diabase 
and  diallagic  ophiolite  on  the  other. 

These  greenstones,  which  contain  a  chloritic  mineral,  and  are 
often  cpidotic,  pass  gradually  into  compact  or  schistose  chloritic 
rocks,  fiequently  enclosing  modules  or  layers  of  epidote,  either  pure 
ormingl  d  with  quartz.  The  relations  between  these  various  rocks 
are  such  that  after  a  prolonged  study  of  them  I  find  it  difficult  to 
resist  the  conclusion  that  the  whole  series,  from  diorites,  diallages, 
and  serpentines,to  chlorites,epidosites,  and  steatites,  has  been  formed 
under  similar  conditions,  ami  that  they  are  all  indigenous  rocks. 
(Geology  of  Canada,  pp.  606, 6 12,  652.)  I  have  elsewhere  express- 
ed the  opinion  that  these  silicates  are  probably  of  chemical  origin, 
and  li;ive  been  deposited  from  solutions  at  the  earth's  surface.  The 
sepiolite  or  hydrous  silicate  of  magnesia,  which  occurs  in  beds  in 
tertiary  rocks,  the  neolile  of  Scheerer,  the  silicates  of  lime,  magnesia, 
and  iron-oxyd  deposited  during  the  evaporation  of  many  natural 
waters  ;  and  the  silicates  of  alumina  likehalloysite,  allophane,  and 
eoUyrito,  and  that  deposited  by  the  thermal  waters  of  Plombieres, 
all  show  the  formation  and  deposition  at  the  earth's  surface  of 
silicates,  whose  subsequent  alteration  has  probably  given  rise  to 
many  minerals  and  rocks.  (Silliman's  Journal  [2],  xxxii,  286  ;  and 
Cieology  of  Canada,  pp.  659,  577,  581).  At  the  same  time  the 
phenomena  of  local  mi^tamorphiKra  furnish  evidences  that  similar 
compounds  have  resulted  from  the  action  of  heat  upon  mechani- 
cal mixtures  in  sedimentary  deposits.  (Ibid.,  p.  581.)  A  further 
consideration  of  this  subject,  and  of  the  two-fold  origin  of  many 
silicious  minerals,  is  reserved  for  another  place. 
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III.  On  Some  Eruptive  Books. 
In  Silliman's  Journal  for  March  1860  (2nd,  xxix,  282)  there  is  a 
short  note,  pointing  out  the  existence,  in  the  vicinity  of  Montreal, 
of  several   ateresting  classes  of  eruptive  rocks,  including  quartzi- 
ferous  porphyries,  trachytes,  phonolite,  dolerites,  and  diorites.     It 
is  proposed  in  the  third  part  of  the  present  paper  to  describe  the 
results  of  some  chemical  and  mineralogieal  examinations  of  these 
rocks,  and  to  give  by  way  of  preface  a  description  of  their  geogra- 
phical distribution  and  geological  relations.     They  may  be  con- 
sidered geographically  as  belonging  to  two  groups ;  of  which  the  first 
and  more  important  for  the  number  and  variety  of  its  rocks  may  be 
conveniently  described  as  the  Montreal  group.     It  consists  of  a 
succession  of  intrusive  masses  along  a  belt  running  nearly  trans- 
verse to  the  undulations  of  the  Notre  Dame  Mountains,  which  are 
the  prolongation  of  the  Appalachians  into  eastern  Canada.    Com- 
mencing at  Shefford  Mountain,  an  isolated  trachytio  mass  not  far 
removed  from  the  western  base  of  the  Notre  Dame  range,  we  find, 
going  westward,  the  detached  hills  known  as  Yamaska,  Kouge' 
mont,   Rouville  or  Beloeil,    Montarville  or  Boucherville,  Mount 
Boyal  or  Montreal,  and  Rigaud  Mountains;  the  last  being  dis- 
tant about  ninety  miles  from  Shefibrd.     Brorae  Mountain,  which 
occupies  a  large  area  to  the  south  of  Shefford,  approaches  within 
two  miles  of  it.  In  like  manner,  a  few  miles  to  the  south  of  Beloeil 
is  another  intrusive  mass  known  as  Mount  Johnson  or  Monnoir; 
making  in  all  nine  hills  of  eruptive  rock  belonging  to  the  Mont- 
real group.  Besides  these,  numerous  smaller  intrusive  masses  in  the 
form  of  dykes  are  met  with  around  and  between  the  hills.     From 
Mount  Royal  to  Rigaud  Mountain,  a  distance  of  about  thirty  miles, 
a  gentle  undulation  of  the  strata  is  observed,  which  increases  to  the 
westward  of  Rigaud,  and  finally  gives  place  to  a  considerable  fault. 
This  disturbance  has  been  traced  to  the  Laurentide  hills  on  the  Lac 
des  Chats,  140  miles  west  of  Montreal ;  but  to  the  eastward  the  strata 
exhibit  no  evidence  of  this  transverse  undulation,  unless  the  ap- 
pearance of  the  intrusive  rocks  already  mentioned  be  supposed  to 
indicate  the  prolongation  of  a  fracture  without  sensible  dislocation. 
The  whole  of  these  eruptive  rocks  rise  through  unaltered  paleo- 
zoic strata,  which  however,  in  the  immediate  vicinity  of  the  intru- 
give  rocks,  exhibit  a  local  metamorphism.     The  hills  of  Shefford, 
Brome,   and  Yamaska  break  tlirough  the  strata  of  the  Quebec 
group,  and  lie  a  l-'ttle  to  the  east  of  the  great  line  of  dislocation 
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which,  in  this  region,  brings  up  the  lower  members  of  the  paleozoic 
series  against  the  superior  portion  of  the  Lower  Silurian,  and  di- 
vides into  two  districts  the  great  paleozoic  basin,  (Geology  of  Can- 
ada, pp.  234,  597.)  The  other  hills  all  belong  to  the  western  di- 
Tiaion  of  this  basin,  ?nd  break  through  various  members  of  the 
Lower  Silurian  series  from  the  Potsdam  to  the  Hudson  River 
formation.  Among  the  numerous  dykes  which  traverse  not  only  the 
sedimentary  strata  but  the  intrusive  masses,  there  are  some  which 
intersect  the  conglomerates  of  St.  Helen's  Island.  These  are  of  un- 
certain age,  but  repose  unconformably  on  the  Lower  Silurian  series, 
and  enclose  pebbles  and  masses  of  Upper  Silurian  limestone  charac- 
terized by  fossils  of  the  Lower  Helderberg  period.  (Ibid.,  p.  356.) 

This  group  of  intrusive  rocks  offers  very  great  varieties  in  com- 
position ;  thus  Shefford  and  Brome  consist  of  what  we  shall  de- 
scribe  as  a  granitoid  trachyte,  while  the  succeeding  mountain, 
Yamaska,  and  the  most  western,  Rigaud,  both  consist  in  part  of  a 
kind  of  trachyte,  and  in  part  of  diorite.  Monnoir  and  Beloeil  also 
consist  of  diorites,  which  however  differ  from  the  last  two,  and  from 
each  other;  while  Rougemont,  Montarville,  and  Mount  Royal  con- 
sist in  great  part  of  dolerites,  presenting  however  many  varieties 
in  composition,  and  sometimes  passing  into  pyroxenite.  The  dole- 
rites  of  Rougemont  and  Mount  Royal  are  cut  by  dykes  of  tra- 
chyte. Similar  dykes  also  traverse  the  diorite  of  Yamaska,  and  may 
perhaps  be  connected  with  the  trachytic  portion  of  this  mountain. 
It  is  probable,  judging  from  some  specimens  from  Rougemont,  that 
the  dolerite  i.;  there  intersected  by  veins  of  diorite,  some  of  which 
resemble  that  of  Beloeil,  and  others  that  of  Monnoir.  Dykes  both 
of  trachyte,  phonolite,  and  dolerite  are  also  found  traversing  the 
Lower  Silurian  strata  in  the  vicinity  of  the  great  eruptive  masses ; 
and  the  conglomerate  of  St.  Helen's  mentioned  above  is  traversed  by 
dykes  of  dolerite,  which  in  their  turn  arc  cut  by  others  of  trachyte, 

A  second  and  smaller  group  of  intrusive  rocks  occurs  to  the  north- 
west of  Montreal,  chiefly  in  the  county  of  Grenville,  where  they 
traverse  the  gneiss  and  limestones  of  the  Laurentian  system.  The 
principal  undulations  of  these  rocks  have,  like  those  of  the  Appa- 
lachians, a  north  and  south  direction  ;  but  there  is  apparent  also 
a  second  sCiies  of  undulations,  affecting  in  a  less  degree  the  geo- 
graphical distribution  of  the  strata,  and  having,  like  the  Montreal 
and  Rigaud  undulation,  an  east  and  west  diiuction.  Coincident  with 
the  latter  system  of  folds  is  a  series  of  doleritic  dykes,  which  nowhere 
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attain  a  great  breath,  but  have  in  some  cases  been  traced  more  than 
fifty  miles  in  a  nearly  east  and  west  direction.     These  dykes  are 
interrupted  by  a  great  mass  of  reddish  syenite,  passing  in  some 
parts  into  granite,  and  occupying  an  area  of  about  thirty-six  square 
miles  in  the  townships  of  Grenville,  Chatham,  and  Wentworth. 
Dykes  of  this  syenite  extend  from  the  central  mass,  and  traverse  the 
surrounding  gneiss  and  limestone.     Numerous  dykes  of  quartzifer- 
ous  porphyry  intersect  both  this  syenite  and  the  surrounding  gneiss, 
and  are  seen  in  one  case  to  proceed  from  a  considerable  nucleus  of 
porphyry,  which  rises  into  a  small  mountain ;  rendering  it  probable 
that  numerous  other  porphyry  dykes  of  the  region  radiate  in 
hke  manner  from  other  nuclei  of  the  same  rock.  Some  parts  of  this 
porphyry  enclose  fragments  of  syenite,  dolerite,  and  gneiss,  which 
vary  in  size  from  small  grains  to  several  feet  in  diameter,  and  often 
give  to  the  rock  the  character  of  a  breccia.    In  one  instance  a  bed 
of  gneiss,  upwards  of  a  hundred  yards  in  length,  is  completely  sur- 
rounded by  the  porphyry. 

Orthophyre  and  Syenite. 

Orthoclase-Porphyry  or  Orthophyre.— Under  this  head 
may  be  noticed  a  rock  which  has  for  its  base  a  compact  petrosilex, 
or  intimate  mixture  of  orthoclase  and  quartz,  rendered  porphyritic 
by  the  presence  of  grains  or  crystals  of  orthoclase,  of  quartz,  or 
of  both  of  these  minerals  together.  The  occurrence  of  this  rock 
at  Grenville,  where  it  forms  dykes  in  the  syenite  of  that  region, 
has  just  been  noticed.  The  fine-grained  petrosilicious  base  of  this 
rock  varies  in  color  from  dark  green  to  various  shades  of  red, 
purple,  and  black ;  these  differences  probably  depending  upon  the 
degree  of  oxydation  of  the  contained  iron.  Throughout  this  paste 
are  disseminated  well-defined  crystals  of  a  rose-red  or  flesh-red 
feldspar  apparently  orthoclase,  sometimes  very  abundant;  and  less 
frequently  small  grains  of  nearly  colorless  translucent  quartz.  An 
analysis  was  made  of  a  characteristic  variety  of  the  rock,  the  base 
of  which  was  greenish-black,  jasper-like,  conchoidal  in  fracture, 
and  feebly  translucent  on  the  edges,  with  a  somewhat  waxy  lustre. 
The  hardness  was  nearly  equal  to  thai  of  quartz,  and  the  specific 
gravity  2.62.  A  few  distinct  crystals  of  red  orthoclase,  and  some 
grains  of  quartz,  were  present.  The  base,  freed  m  much  as  possi- 
ble from  these,  gave  as  follows ; 
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Silica 72  20 

Aluoiina 12.50 

Peroxyd  of  iron 3.70 

Lime > 90 

Potash 388 

Soda 5.30 

Volatile 60 


99.08 


The  oxygen  ratio  of  the  alkalies  and  alumina  is  2.02 :  5.84,  or 
nearly  1 : 3.  The  alumina  requires  43.80  parts  of  silica  to  form 
with  the  alkalies  65.48  parts  of  a  feldspar  having  the  ratios  1:3: 
12,  which  are  those  of  orthoclase  and  albite.  There  will  then 
remain  28.4  parts  of  silica.  This,  with  the  exception  of  a  small 
amount  which  is  probably  united  with  the  oxyd  of  iron  and  lime, 
way  be  regarded  as  uncombined.  The  porphyries  of  this  region 
receive  a  high  polish,  and  are  sometimes  ve  /  beautiful. 

Syenite. — The  syenite  of  this  region  consists  of  orthoclase, 
usually  flesh-red  in  color,  and  grayish  vitreous  quartz,  with  a  small 
portion  of  blackish-green  hornblende,  which  is  sometimes  almost 
or  altogether  wanting,  and  is  occasionally  accompanied  with  a 
little  mica.  The  orthoclase  is  often  nearly  compact,  but  more  gene- 
rally distinctly  crystalline  and  cleavable,  and  so  far  as  observed,  is 
not  associated  with  any  triclinic  feldspar.  The  hc.nblende  is  ap- 
parently subject  to  decomposition,  becoming  soft,  earthy,  and  ferru- 
ginous in  its  afpjct,  while  the  feldspar  retains  its  brilliancy.  The 
partial  analysis  of  such  a  specimen  of  the  syenite  gave  only  0.56 
of  lime,  and  traces  of  magnesia,  with  3.75  per  cent,  of  peroxyd  of 
iron,  and  of  alkalies,  potash  4.43,  soda  4.35.  This  large  proportion 
of  soda  is  also  to  be  remarked  in  the  orthophyre  just  described,  and 
in  the  red  orthoclase-gneiss  of  this  region,  a  portion  of  which  gave 
3.86  per  cent  of  potash  and  3.70  of  soda ;  while  the  red  orthoclase 
from  the  rocks  of  this  Laurentian  series,  named  perthite  by  Dr. 
Thompson,  gives  in  like  manner  6,37  of  potash  to  5.56  of  soda. 
A  nearly  pure  potash-orthoclase,  generally  white  in  color,  is  how- 
ever found  in  some  of  the  stratified  Laurentian  rocks.  (Geology 
of  Canada,  page  474.) 

This  syenite  of  Grenville  has  in  some  portions  undergone  a 
peculiar  decomposition,  which  has  reduced  it  to  a  soft  greenish 
matter  having  the  aspect  of  serpentine,  or  rather  of  pyrallolito.  This 
change  has  been  remarked  only  in  the  vicinity  of  some  remarkable 


28 


I 


veins  of  chert  which  are  here  found  cutting  the  syenite,  and  as  de- 
scribed by  Sir  W.  E.  Logan,  is  more  or  less  complete  for  a  distance 
of  two  hundred  yards  on  each  side  of  them.     In  specimens  of  this 
altered  rock,  the  quartz  remains  unchanged ;  while  the  feldspar, 
still  preserving  its  cleavages,  has  a  hardness  no  greater  than  car- 
bonate of  lime.     It  is  somewhat  unctuous  to  the  touch,  with  a 
feeble  waxy  lustre,  and  its  color  is  occasionally  reddish,  but  more 
often  of  a  pale  green.     Such  a  specimen  was  selected  for  analysis 
and  gave  of  silica  80.65,  alumina  12.60,  lime  0.60,  soda  and  a 
little  potash  2.65,  volatile  2.10,  magnesia  and  oxydof  iron,  traces  ; 
—  98.60.     From  this  result  it  appears  that  tie  feldspar  of  the 
syenite  has  lost  nearly  two  thirds  of  its  alkali ;  the  iron  and  other 
bases  having  also  for  the  most  part  disappeared.     This  removal  of 
the  protoxyd  bases  would  appear  from  the  character  of  the  result- 
ing mineral  to  be   diflFerent  from  that  which  takes  place  during 
the  kaolinization  of  feldspar.     The  nature  of  the  process  requires 
further  investigation,  but  it  was  not  improbably  connected  with 
the  deposition  of  the  adjacent  chert  or  hornstone.    This  substance, 
according  to  Sir  W.  E.  Logan,  forms  two  large  veins  which  cut  the 
syenite  vertically,  and  have  a  breadth  of  from  four  to  seven  feet. 
It  is  generally  arranged  in  bands  or  layers  parallel   to  the  walls  of 
the  veins,  and  varying  in  color  from  white  to  yellowish  and  flesh- 
red.    The  mineral  has  the  chemical  characters  of  flint  or  buhrstone, 
and  like  the  latter  presents  numerous  irregular  cells,  the  walls  of 
which  are  sometimes  inorusted  with  crystals  of  quartz,  and  in  other 
cases  bear  the  impression  of  small  cubes,  perhaps  of  crystals  of  fluor- 
spar,  which  have  themselves  disappeared.     The  relations  of  these 
singular  veins  of  silex  show  that  it  cannot  be  of  sedimentary  origin, 
and  it  can  scarcely  be  doubted  that  it  is  an  aqueous  deposit,  and 
results  from  a  similar  process  to  that  which  on  a  lesser  scale  gives 
rise  to  agate  and  chalcedony  in  various  rocks.  (Geology  of  Canada 
page  41.)  ' 

Trachytes. 

Under  this  head  we  shall  describe  a  class  of  rocks  which  are 
very  abundant  in  Eastern  Canada,  and  present  a  great  variety  of 
aspects.  There  are  many  dykes  in  the  vicinity  of  Montreal  which 
resemble  some  of  the  typical  trachytic  rocks  of  Auvergne  and  of 
the  Rhine;  while  the  rocks  of  the  mountains  of  Brome  and  Sliefford 
consist  almost  entirely  of  distinctly  crystalline  feldspar.   These  will 
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be  described  as  granitoid  trachytes,  under  which  head  may  also  be 
included  a  somewhat  similar  rock  from  Yamaska  Mountain. 

Brome  and  Shepford  Mountains. — The  trachytes  of  Brome 
and  Shefford  occupy  two  considerable  areas  near  to  each  other 
and,  as  already  stated,  are  the  easternmost  of  the  eruptive  masses 
now  under  description.  The  larger  area  covers  about  twenty 
square  miles  in  Brome  and  the  western  part  of  the  township  of  Shef- 
ford. It  consists  of  several  rounded  hills,  of  which  the  principal 
are  named  Brome  and  Shefford  Mountains,  and  rise  boldly  about 
1 ,000  feet  above  the  surrounding  plain.  The  rock  shows  divisional 
planes,  giving  it  an  aspect  of  stratification,  and  separates  by  other 
joints  into  rectangular  blocks.  The  second  area  includes  about  nine 
square  miles  in  the  township  of  Shefford,  to  the  northwest  of  the 
last,  and  at  the  nearest  point  is  only  about  two  miles  removed  from 
it.     This  is  known  as  Shefford  Mountain. 

The  rocks  of  these  two  mountainous  areas  present  but  very 
slight  differences;  being,  so  fur  as  examined,  everywhere  made  up 
in  great  part  of  a  crystalline  feldspar,  with  small  portions  of  brown- 
ish-black mica,  or  of  black  hornblende,  which  are  sometimes  asso- 
ciated. The  proportion  of  these  two  minerals  is  never  above  a  few 
hundredths,  and  is  often  less  than  one  hundredth.  The  other  min- 
eral species  are  small  brilliant  crystals  of  yellowish  sphene  and 
others  of  magnetic  iron,  amounting  together  probably  to  one 'thou- 
sandth of  the  mass.  In  some  finer-grained  varieties  a  few  rare 
crystals  of  sodalite  and  of  nepheline  are  met  with.  But  for  the 
uniform  absence  of  quartz,  these  rocks  might  be  taken  for  varieties 
of  granite  and  syenite.  They  are  very  friable,  and  subject  to 
disintegration,  so  that  the  soil  for  some  distance  around  these 
mountains  is  almost  entirely  made  up  of  the  separated  crystals  of 
feldspar;  which  however  show  but  little  tendency  to  decomposition 
and  retain  their  lustre.  The  rock  is  sometimes  rather  finely  granu- 
lar in  its  texture ;  but  is  often  composed  of  clcavable  masses  of  ortho- 
clase,  which  are  from  one  fifth  to  one  half  of  an  inch  in  breadth 
and  son  jtimes  nearly  an  inch  in  length.  The  lustre  is  vitreous,  and 
m  the  more  opaque  varieties,  pearly;  but  the  crystals  never  exhibit 
the  eminently  glassy  lustre  nor  the  fissured  appearance  that 
characterizes  the  feldspars  of  many  European  trachytes  which  arc 
similar  to  them  in  composition.  The  color  of  the  feldspar  of  l^esc 
roc_s  !s  white,  pa,?sing  into  reddish  oa  the  one  hand,  and  into  pearl- 
gray  or  lavender-gray  on  the  other. 
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Specimens  of  the  rock  of  Brome  Mountain  were  taken  from  the 
side  near  to  the  village  of  West  Shefford.  It  was  coarsely  crys- 
talline, lavender-gray  in  color,  and  contained  a  little  brown  mica, 
sphene,  and  magnetic  iron,  but  no  hombleade.  The  density  of  frag- 
ments of  the  rock  was  found  to  be  2.632-2.638.  Selected  grains 
of  the  feldspar  had  a  specific  gravity  of  2.575,  and  gave  by  analy- 
sis the  result  ii.  The  analysis  of  a  second  speoimen  from  another 
portica  of  the  hill,  is  given  under  ill. 

The  rock  from  the  south  side  of  SheflFord  Mountain  was  next 
examined.  In  one  part  it  consisted  of  a  coarsegrained  grayish- 
white  feldspar  with  a  little  black  raica,  and  closely  resembled  the 
rock  just  described  from  the  adjacent  mountain.  A  little  lower 
down  the  hill  however  was  a  variety  which,  though  completely 
crystalline,  was  more  coherent  and  finer-grained  than  that  of  Brome, 
the  feldspar  rarely  exhibiting  cleavage-planes  more  than  a  fourth 
of  an  inch  in  length.  Brilliant  crystalline  grains  of  black  horn- 
blende about  the  size  of  grains  of  rice  were  sparingly  disseminated 
through  the  mass,  together  with  very  small  portions  of  magnetite  and 
yellowish  sphene.  Fragments  of  the  rock  had  a  density  of  2.807- 
2.657.  The  feldspar  was  yellowish-white  and  sub-translucent,  with 
a  somewhat  pearly  lustre.  By  crushing  and  washing  the  mass,  the 
grains  of  feldspar  were  separated  from  the  heavier  minerals,  and 
found  to  have  a  specific  gravity  of  2.561.  The  result  of  its  anal- 
ysis, which  scarcely  differs  from  that  of  Brome,  is  given  under  iv. 

II.  ni.  IV. 

Silica 65.70  65.30  65.15 

Alumina 20.80  20.70  20.55 

Lime 84  .84  .73 

Potasli 6.43  ....  6.39 

Soda 6-52  ....  6.67 

Volatile 50  ....  .50 

100.79  99.99 

Yamaska  Mountain. — About  tweVe  miles  to  the  north  of 
west  from  Shefford  Mountain  rises  the  hill  of  intrusive  rock  known 
as  Yamaska  Mour. tain,  which  has  an  area  of  about  foursquare 
miles,  and  breaks  through  the  strata  of  the  Quebec  group,  near  *he 
line  of  the  great  dislocatioa  which  brings  these  up  against  the 
limestones  of  the  Trenton  group.  The  southeastern  part  of  this 
bill  coLsists  of  a  granitoid  diorite  hereafter  to  be  noticed ;  but  the 
greater  portion  of  the  mas  j  may  be  described  as  a  graaitoid  tra- 
chyte, differing    in  aspect  from  that  of  Brome  and  Shefford,  in 
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being  somewhat  more  micaceoua  and  more  fissile.  The  mica,  which 
is  dark  brown,  is  in  elongated  flakes,  and  there  is  neither  horn- 
blende nor  quartz  in  the  specimens  collected,  which  however  hold 
small  portions  of  magnetite,  and  minute  crystals  of  amber-yellow 
sphene.  These  seem  to  be  contained  in  veins  of  segregation,  which 
are  of  a  lighter  color  than  the  mass.  The  cleavable  feldspar 
grains,  which  make  up  by  far  the  greater  part  of  the  rock,  are 
brilliant,  with  a  vitreous  lustre,  aud  are  often  yellowish  or  reddish- 
gray  in  color.  A  portion  of  this  feldspar  separated  by  washing  from 
the  crushed  mass  of  the  rock,  had  a  specific  gravity  of  2- 563,  and 
gave  by  analysis  the  result  v.  Another  portion  of  selected  grains 
of  the  feldspar  gave  vi.  Both  specimens  were  however  somewhat 
impure. 

V.  TI. 

Silica 61.10  58.60 

Alumina 20.10  21.60 

Peroxyd  of  iron 2.90  2.88 

Lime 3.G5  5.40 

Magnesia 79  1.84 

Potash 3.54  3.08 

Soda , 5.93  6.51 

Volatile 40  .80 

98.41  99.71 
Besides  these  great  trachytic  hills,  numerous  smaller  masses  of 
different  varieties  of  trachyte,  in  the  form  of  dykes  and  beds,  are 
found  along  the  line  of  country  between  Rigaud  and  Yamaska 
Mountains.  The  dioritc  of  the  latter  is  cut  into  dykes  of  a  white 
or  Irownish-gray  trachyte,  which  is  often  porphyritic,  and  may  be 
connected  the  great  mass  just  described. 

Chambly. — At  Chambly  a  mass  of  porphyritic  trachyte  is  in- 
truded in  t'  e  form  of  a  bed  among  the  strata  of  the  Hudson 
Eivc  formation ;  and  about  midway  in  the  Chambly  canal  a  simi- 
lar trachyte  is  met  with,  which  contains  in  drusy  cavities,  crystals 
of  quartz,  calcite^  analcime,  and  chabazite.  The  base  of  this 
rock  is  of  a  pale  fawn  color,  and  appears  at  first  sight  to  be 
micaceous;  but  on  closer  examination  it  is  seen  to  be  almost 
entirely  feldsppthie.  Minute  portions  of  pyrites,  and  grains 
of  magnetic  iron,  are  rarely  met  with,  and  small  scales  of  a 
dark  green  micaceous  mineral  are  very  sparsely  disseminated.  The 
crystals  of  orthoclase,  which  are  very  abundant,  are  sometimes  an 
inch  in  length,  and  one  fourth  of  an  inch  in  thickness :  they  are 
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more  or  less  modified,  and  terminated  at  both  ends.  They  are  easily 
detached  from  the  rock,  and  are  yellowish  and  opaque  on  the  exte- 
rior, but  the  *ancr  portions  of  the  large  crystals  are  transparent 
and  vitreous.  The  composition  of  tlie  crystals  is  given  undei  vil. 
The  paste  of  this  porphyry,  when  carefully  freed  from  crystals,  lost 
by  ignition  2.1  per  cent.  When  pulverized  and  digested  with  dilute 
nitric  acid,  it  eflFervesced  slightly,  giving  off  carbonic  acid,  together 
with  red  fumes,  arising  in  part  from  the  oxydation  Ox'the  pyrites. 
The  portion  thus  dissolved  equalled  carbonate  of  lime  1.76,  car- 
bonate of  magnesia  0.98,  peroxyd  of  iron  with  a  trace  of  alumina 
2.12  per  cent.   The  residue,  dried  at  300°  F.,  gave  the  result  VIII. 

VII.  Tin. 

Silica 66.15  67.60 

Alumina 19.75  18.30 

Peroxyd  of  iron 1.40 

Lime 95  .45 

Potash 7.53  5.10 

Soda 5.19  5.85 

Volatile 55  .25 

100.12  99.85 

The  paste  of  this  trachyte  thus  differs  but  little  from  the  crys- 
tals in  composition.  It  contains  only  a  slight  excess  of  silica,  and 
seems  to  be  made  up  of  lamella)  of  orthoclase,  mingled  with  small 
portions  of  cp.rbonates  of  lime  and  magnesia.  A  part  of  the  iron 
also  is  probably  present  as  carbonate,  which,  by  its  decomposition, 
gives  rise  to  the  rusty  red  color  of  the  weathered  surface  of  the 
trachyte. 

Montreal. — The  island  of  Montreal  offers  a  great  variety  of 
trachytic  rocks,  which  traverse  both  the  Lower  Silurian  strata,  and 
the  dolerite  of  Mount  Royal.  Some  of  these  dykes  are  finely 
granular,  occasionally  crumbling  to  sand,  and  frequently  are  earthy 
in  texture.  In  some  cases  they  assume  a  concretionary  structure, 
and  they  are  often  poiphyritio  from  the  presence  of  feldspar  or 
hornblende.  One  variety  exhibits  large  feldspar  crystals  in  a  <Jom- 
pact  purplish  or  lavender-gray  base,  with  a  waxy  lustre.  This 
effervesces  with  acids,  from  an  admixture  of  earthy  carbonates,  and 
closely  resembles  in  its  aspect  certain  trachytes  from  the  Siebenge- 
birge  on  the  Rhine.     Other  varieties  can  scarcely  be  distinguished 
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exhibit  small  drasy  cavities.    The  presence  of  carbonates  in  tra- 
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ohytic  rocks  has  generally  been  overlooked ;  Deville  however  found 
seven  per  cent  of  carbonate  of  limo  in  a  tracliytic  rock  from  Hun- 
gary, and  it  occurs  disseminated  in  some  of  the  trachytes  of  the 
Siebengebi-gc.  Some  of  the  trachytes  about  to  be  described  con- 
tain moreover  carbonate^  of  magnesia  and  protoxyd  of  iron,  and 
■weather  to  some  depth  of  a  reddish-brown  color  from  the  peroxy- 
dation  of  the  latter,  like  the  trachyte  from  Chambly  just  noticed. 
Aci  !s  remove  from  many  of  thesn  rocks,  in  addition  to  the  carbo- 
nates, portions  of ;  luraina  and  alkalies.  These  are  derived  from 
a  soluble  silicate,  which  in  the  trachytes  of  Brome  appears  only 
as  rare  crystals  of  nepheline,  and  in  Chambly  as  analcime  and 
chabazite.  In  some  of  the  compact  and  earthy  varieties  about 
Montreal,  however,  this  soluble  silicate  exists  to  a  large  extent, 
and  has  the  composition  of  natrolite.  By  this  admixture  of  a 
zeolite  the  trachytes  pass  into  phonolile. 

The  first  of  these  trachytes  which  will  be  noticed  forms  a  dyke 
near  McGill  College.  The  rock  is  divided  by  joints  into  irregular 
fragments,  whose  surfaces  are  often  coated  with  thin-bladed  crys- 
tals of  an  aluminous  mineral,  apparently  zeolitic.  Small  brilliant 
crystals  of  cubic  iron-pyrites,  often  highly  modified,  ftre  dissemi- 
nated through  the  mass.  The  rock  has  the  hardness  of  feldspar, 
and  a  specific  gravity  of  from  2.617  to  2.632.  Its  color  is  whit<i| 
passing  into  bluish  and  grayish-white ;  it  has  a  feebly  shining  lus- 
tre, and  is  slightly  translucent  on  the  edges,  with  a  compact  or 
finely  granular  texture,  and  an  uneven  sub-conchoidal  fracture. 
Before  the  blow-pipe  it  fuses  with  i.itumescence  into  a  white 
enamel.  The  rock  in  powder,  is  attacked  even  by  acetic  acid,  which 
removes  0.8  per  cent  of  carbonate  of  lime,  besides  1.5  per  cent 
of  alumina  and  oxyd  of  iron ;  the  latter  apparently  derived  from  a 
carbonate.  Nitric  acid  dissolves  a  little  more  lime,  oxydizes  the 
pyrites,  and  takes  up,  besides  alumina  and  alkalies,  a  considerable 
portion  of  manganese.  This  apparently  exists  in  the  form  of  sul- 
phuret,  since,  while  it  is  soluble  in  dilute  nitric  acid,  the  white  por- 
tions  of  the  rock  afi"ord  no  trace  of  manganese  before  the  blow-pipe; 
although  minute  dark-colored  grains,  associated  with  the  pyrites, 
vrere  found  to  give  an  intense  manganese  reaction.  Prom  the 
residue  after  the  action  of  the  nitric  acid,  a  solution  of  carbonate 
of  soda  removed  a  portion  of  silica:  and  tho  rPQia''n'l''"  '^'■'"^■^  »<• 
300°  F.,  was  free  from  iron  and  from  manganese.  Its  analy>is  ig 
given  under  ix;  while  that  of  the  matters  dissolved  by  nitric  acid 
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and  carbonate  of  soda  from  100  parts  of  the  rock,  will  be  found 
under  ix  A. 

A  dyke  of  trachyte  near  to  the  last,  and  very  similnir  to  it  in 
appearance,  was  submitted  to  the  action  of  nitric  acid,  but  the  in- 
soluble residue  was  not  treated  by  carbonate  of  soda.     Its  analysis 
is  given  under  x,  while  that  of  the  soluble  matters  is  to  be  found 
under  x  a.     A  white  trachyte  from  a  dyke  at  Lachine,  resembled 
the  preceding,  but  was  somewhat  earthy  in  its  aspect,  and  eflFer- 
vesced  with  nitric  acid,  which  removed  a  portion  of  lime  equal  to 
7.40  per  cent  of  carbonate.     On  boiling  tLe  pulverized  rock  with 
nitrate  of  ammonia,  an  amount  of  lime  equal  to  5.33  per  cent  of 
carbona*^  was  dissolved.  An  accident  prevented  the  complete  deter- 
mination of  the  alkalies  in  the  feldspathic  residue  of  this  trachyte  ; 
and  the  soluble  silica  was  not  removed  previous  to  the  analysis, 
whose  result  is  given  under  xi.  The  proportion  of  the  potash  to  the 
soda  was  however  found  to  be,  by  weight,  nearly  as  two  to  three. 
The  matters  dissolved  by  nitri:  acid  will  be  found  under  XI  A. 

Another  dyke  of  trachyte  from  Lachine  was  concretionary,  and 
stained  by  infiltration  ;  the  interior  of  the  concretions  was  white 
and  earthy.  The  substances  removed  from  100  parts  of  the  rock 
by  nitric  acid  and  carbonate  of  soda,  are  given  under  E.  A  par- 
tial analysis  of  the  insoluble  residue  shovvcd  it  to  be  a  feldspar 
aUied  to  th  ^e  of  the  preceding  trachytes :  the  quantities  of  potash 
and  soda  were  however  nearly  in  the  re  ';-o  of  four  to  three. 

A  large  dyke  of  trachyte  in  the  limestone  quarries  at  the  Mile 
End,  near  Montreal,  is  remarkable  for  the  amount  of  carbonates 
which  it  contains.  It  is  grayish-white,  with  dark  grey  spots,  gran- 
ular,  sub-vitrcous  in  lustre,  and  holds  a  few  crystals  of  hornblende. 
By  ignition  it  loses  11.0  per  cent,  of  its  weight.  In  powder  it 
effervesces  freely  with  nitric  acid,  disengaging  carbonic  acid,  and 
when  hfiat  is  appHed,  red  fumes  from  the  peroxydation  of  the  iron. 
100  parts  of  the  rock  yielded  in  this  way  the  soluble  matters 
given  under  xii  a.  The  composition  of  the  residue,  from 
which  the  soluble  silica  was  not  removed,  is  given  under  Xil. 

IX.  X.  XI.  XII, 

«j:,j^^„                 63.25  62.90  58.50  61.62 

Al'umina,'.*.'.'.' 22.12  23.10  24.90  21.00 

Lime 56  .45  .45  2.69 

Potash 5,92  2.43  ,..-  4.66 

Soda 6.29  8.69  ....  5.35 

Volatile __93  _^40_  J^  _Jfl 

99.07  98.37  ^''•69 
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A  second  determination  of  the  alkalies  in  a  portion  of  the  tra- 
Chyte  IX,  which  had  not  previously  been  treated  by  acid,  gave 
potash  5.40  and  soda  6.49.  A  second  analysis  of  x  gave  potwh 
2.28,  and  soda  7-95. 

,o„.  "*•  »A.  JCIA.  B.  XII  A. 

^"••'* 1-43       5.00       .... 

"^*°™'°'' 2.43  ....  1.27  1.32  4.84 

Peroxydofiroa 2.40  2.84  1.47  2.51  2.63 

f;™*" 60  1.86  4.14  3.50  6.49 

^"K""^'* 1.34  1.35  1.70 

f"*"^''' 40  .25  undet.  undet.  undet 

»o<lft 98  .21  '«              "              «« 

Red  oiyd  of  manganese 1.31  .87 

Of  the  matters  soluble  in  nitric  acid  in  the  last-described  trachyte, 
XTi,  the  lime  in  the  form  of  carbonate  would  equal  not  less  than 
11.60  per  cent,  the  magnesia  3.5S,  ^nd  the  iron  3. 82  per  cent  of 
carbonates,  in  which  condition  by  far  the  greater  part  of  these  baaes 
are  probably  present. 

Phonolite. 

Associated  with  the  numerous  trachytie  dykes  at  Lachine 
is  one  of  the  phonolite  already  referred  to.  It  is  brittle  and  some- 
what schistose,  breaking  into  angular  fragments,  and  appears  to 
consist  of  a  reddish  fawn-colored  base,  in  which  are  disseminated 
greenish-white  rounded  masses,  often  grouped,  and  apparently 
concretionary  in  their  structure.  These  greenish  portions  are  some- 
times half  an  inch  or  more  in  diameter,  and  cover  from  one  third 
to  one  half  of  the  surfaces.  They  are  not  very  distinctly  seen  un- 
less the  rock  is  moistened.  The  hardness  of  the  different  portions 
does  not  greatly  vary,  and  is  neaviy  that  of  apatite  . .  ,  specific 
gravity  is  very  low,  oeing  only  2-414.  The  mass  contains  small 
cavities  filled  with  carbonate  of  lime,  which  is  rarely  stained  pur- 
ple :  it  is  also  found  in  small  films  in  the  joints.  The  rock  is  gran- 
ular in  its  fracture,  without  lustre,  and  is  feebly  translucent  at 
the  edges.  When  pulverized,  and  treated  with  nitric  acid  of  spe- 
cific gravity  1.25,  a  slight  effervescence  ensues,  with  abundant  red 
fumes.  The  mass  grows  warm,  and  ijelatinizes;  and  on  washing 
out  the  acid  solution,  and  treating  the  insoluble  portion  with  a 

solution  nf  nnnatin  onrlo    »  »»fV.;i.« — „-,,i,_ : -1  -  •  mi 

Li J  „  TTiiit-cyianuiar  xusiuue  remains.     These 

reactions  are  obtained  both  with  the  fawn-colored  and  the  greenish 
portions,  but  the  amount  of  insoluble  matter  is  greater  from  the 
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last.  The  rock  is  but  slightly  hygroscopic :  a  portion  of  it  in  pow- 
der lost  only  0.2  per  cent  by  a  prolouged  exposure  to  212  F., 
liiif  7  1 0  per  cent  at  a  red  heat.  .    ,.    ,   , 

For  .he  quantitative  analysis,  tl.e  method  already  indieated  va, 
fallowed.     Itwas  found  that  while  a  dilute  solufonofoaust.c  mi. 
rlv  d  all  of  the  gelatinous  silica  separated  by  the  ac.d,  .t  took 
ur„nl,  a  traee  of  alumina-,  leaving  a  feldspathie  res.due  wh.ch 
was  no  longer  attacked  by  nitrie  acid.     The  sd.ca  was  separated 
Z  the  arualine  liquid,  and  the  aeid  solution  was  found  t,  con. 
tl  besides  alumina  and  soda,  a  little  potash,  some  hme,  magnc. 
ra  and  iron,  and  traces  of  manganese.     The  greater  part  of  he 
ime  is  evidently  present  as  carbonate;  for  when  a  P-"™  °f  *« 
pulverized  phonolite,  which  gave  to  nitric  ac.d  l.me  equal  to  4.36 
■^rcent  of  carbonate,  was  boiled  with  a  solntion  of  n.trate  of  am- 
monia,  there  were  dissolved  3.87  per  cent  of  carbonate  of  l.me ; 
rsMe   which  there  was  a  separation  of  a  eonsiderable  amou,^t  of 
oxldfrom  the  decomposed  carbonate  of  ir.,n.    From  A-  -*-■ 
!nd  fron,  the  entire  absence  of  sulphur,  rtich  was  carefully  s  »ght 
for;  it  is  probable  that  the  whole  of  the  iron,  except  the  small  p^- 
tLn  of  peroxyd  which  colors  the  rock,  exists  .n  the  state  of  carbo- 
Z      I  the  following  analyses,  therefore,  the  lime  and  the  .K,n 
.swell  as  a  little  magnesia,  are  calculated  -  ;."'»'»*;^    i'" 
is  the  result  obtained  with  four  grams  of  the  redd.sh  port.on  of  the 
nhonclite  as  free  as  possible  from  the  green;  and  X.V  was  ob- 
LtaTd  X«  and  a1,alf  grams  of  a  mixture  of  the  two  colors. 

xin.  XIV. 

Soluble  silicate,  zeolite  (a),  by  difference.  46.57        36.1^6 

Insoluble  silicate,  feldspar  (b) ^^-^^  ^^^ 

Carbonate  of  lime •  ^  ^^ 

"    ^^°"--: ::;  '.53    '.36 

«'  magnesia ___!__       

100.00       100.00 

In  order  to  fix  the  composition  of  the  soluble  Bilicate  tho 
amounts  of  the  insoluble  residue  and  of  the  separated  silica, 
abrnTna,  and  alkalies,  having  been  carefully  determined,  and  ho 
Umr-gnesia,  and  oxyd  of  iron  calculated  as  carbonates  the 
;Tt  r  was  estimated  by  the  loss.  In  this  way  were  obtaine  the 
.       .  ,-_  „,„  .    „p^   v.v  A  ;  while  the  analyses  ot 

resuita  tjiiven  under   auI  a,  «"• -,  - 

the  insoluble  silicate,  which  is  a  potash  feldspar,  arc  given  uud« 

XIII  B,  and  XIV  B. 
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XIII  A.  XIV  A.  Natrolite.  Analcime. 

Silica 51.96  51.66         47.40         54.06 

Alumina 24.42  24.88         26.09         23.20 

Soda 12.93  13.05         16.02         14.10 

Potash 1.15  1.28          

Water 9..54  9.13           9.05          8.10 

100.00       100.00       100.00        100.00 

The  composition  of  this  zeolitic  mineral  is  intermediate  between 
analcime  and  natrolite ;  but  the  readiness  with  which  it  gelatinizes 
•with  acids,  leads  to  the  conclusion  that  it  belongs,  in  great  part  at 
least,  to  natrolite.  The  theoretical  composition  of  these  two 
zeolites  is  for  the  sake  of  comparison,  placed  alongside  of  the  two 
analyses  of  the  soluble  portion  of  the  phonolite. 

Xm  B.  XIV  B. 

Silica 59.70  60.90 

Alumina. 23.25  24.45 

J-'ime 99  45 

Potash 9.16  undet. 

Soda 2.97  " 

Volatile 2.23  2.10 

98.30 

The  feldspars  of  the  above  trachytes  and  phonolite  oflFer  some  con. 
aiderable  variations  in  their  composition,  especially  in  the  propor- 
tions of  the  alkalies.     In  ix  the  proportions  of  potash  and  soda  are 
nearly  the  same  as  in   the  trachytes  of  Brome,  Shcfford,   and 
Chambly;  and  the  same  is  true  of  xir.     These  are  doubtless  to 
be  regarded  as  varieties  of  orthoclasc  with  a  large  amount  of  soda, 
while  in  the  feldspar  from  the  phonolite  the  proportion  of  soda  is 
very  small.     In  x,   on  the  contrary,  the  large  predominance  of 
soda  indicates  a  composition  approaching  that  of  albite.     It  is 
further  apparent,  from  a  comparison  of  the  feldspars  of  the  other 
trachytes  whose  complete  analyses  arc  not  given,  that  the  propor- 
tions of  the  alkalies  are  liable  to  considerable  variation,  even  in 
adjacent  and  apparently  similar  dykes.     All  of  the  above  feldspars 
are  probably  to  be  referred  to  orthoclase,  or  to  albite  ;  but  these,  in 
the  earthy  trachytes,  have  undergone  a  commencement  of  decom- 
position J  which  consists  in  the  loss  of  a  portion  of  silica  and  alkali 
and  the  combination  of  water,  resulting  in  a  formation  of  kaolin. 
An  admixture  of  this  substance  will  explain  the  increased  amount 
of  alumina,  the  deficiency  of  silica,  and  the  presence  of  water  in 
the  feldspars  of  the  more  earthy  of  these  trachytes. 
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These  traohyfcic  dykes  are  not  confined  to  the  vicinity  of  Mont- 
real.    To  the  southward,  on  the  shores  of  Lake  Champlain,  there 
is  found  in  and  about  Burlington,  Vermont,  a  vast  number  of 
dykes  of  intrusive  rock;  some  of  which  appear  to  intersect  the 
strata  of  the  Quebec  group,  and  others  those  of  the  Trenton  group. 
Some  of  these  are  described  as  being  of  greenstone ;  and  others, 
as  a  white  or  yellowish-white  feldspathic   rock,  often  porphyritic 
from  the  presence  of  feldspar  crystals.     The  base  of  a  yellowish- 
gray  porphyritic  dyke  from  Shelburne,  having  a  rough  fracture,  an*, 
a  specific  gravity  of -^.eO,  gave  to  Prof.  G.  F.  Barker,  silica  67.30, 
alumina  and  peroxyd  of  iron  19.10,  lime  0.79,  magnesia,  traces, 
potash  4.74,  soda  6-04,  volatile  1.70,=  99.67.    It  contained  a. 
little  intermingled  quartz ;  and  the  mass  resulting  from  the  fusion 
of  the  rock  with  an  alkaline  carbonate,  afforded  traces  of  a  sul- 
phurct.     (Geolo  y  of  Vermont,  pages  579-707.) 

Somewhat  tu  the  south  of  Burlington,  on  the  west  side  of  Lake 
Champlain,  and  near  to  Essex,  there  is  a  great  mass  of  intrusive 
rock,  found  in  the  slates  of  the  Hudson  River  formation.  As 
described  by  Emmons,  it  is  interstratified  in  an  irregular  manner 
among  the  layers  of  tlio  unaltered  sedimentary  rocks,  and  has  a 
fissile  and  schistose  structure,  which  gives,  at  first  sight,  the  aspect 
of  stratification  to  what  is  undoubtedly  an  intrusive  rock.  When 
exposed  to  the  action  of  the  waves  on  the  lake-shore,  its  sti-ucture 
appears  to  be  columnar,  and  sometimes  concretionary.  This  rook 
is  descr.ued  as  composed  of  a  reddish  or  pale  leek-green  compact 
feldspar,  holdi  'g  crystals  of  the  same  mineral.  (Geology  of  New 
York,  vol  ii,  page  81.)  These  intrusive  feldspathic  rocks  on  Lake 
Champlain  resemble  closely  the  trachytes  of  Montreal  and  Cham- 
bly —with  the  latter  of  which,  the  trachyte  of  Shelburne,  the 
only  one  of  them  which  has  been  chemically  examined,  closely 
agrees  in  composition. 

DOLERITES. 

The  anorthosites,  which  yet  remain  to  be  described,  may  be 
divided  into  two  groups,— those  composed  of  anorthic  feldspars  with 
augite,  constituting  the  dolerites,  and  those  in  which  similar  feld- 
spars are  associated  with  hornblende.  The  general  geognostioal 
relations  of  these  two  groups  of  rocks  in  the  districts  under  dis- 
cnssinn  have  already  been  indicated. 

Grenville.— It  has  already  been  stated  on  page  163  that  the 
oldest  known  intrusive  masses  which  traverse   the    Laurentian 
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^eries  are  of  dolerite,  and  that  the  dykes  of  this  rocks  are  inter- 
^ted  by  the  syenite,  which  was  succeeded  by  the  orthophyre  or 
quartziferous  porphyry,  Nothing  co,  -esponding  to  the  syenite  or 
the  orthophyre  is  met  with  among  the  adjacent  Lower  Siluriaa 
strata,  which  are  seen  to  repose  upon  the  worn  surfaces  of  these 
intrusive  rocks.  A  fourth  series  of  dykes  of  a  porphyritic  dolerite 
IS  however  found  to  cut  all  of  the  preceding  rocks,  and  is  perhaps 
Identical  with  some  of  the  dolerites  which  intersect  the  Silurian 
rocks  of  the  island  of  Montreal.  In  the  other  parts  of  the  Lau- 
rentian  series,  so  far  as  yet  examined,  intrusive  rocks  have  been  but 
seldom  met  with.  xMuch  of  what  has  been  called  syenite  and 
granite  m  various  parts  of  the  Laurentian  region,  seems,  like  the 
iijjersthenite  and  other  anorthosites  of  the  Labrador  series,  to  be 
indigenous. 

The  dykes  of  this  most  ancient  dolerite  or  greenstone  in 
l^renville,  have  a  well-marked  columnar  structure  at  right  angles 
to  the  plane  of  the  dyke.  They  are  fine  grained,  dark  greenish- 
gray  m  color,  and  weather  greyish-white.  Under  a  lens,  the  rock 
as  seen  to  consist  of  a  greenish-white  feldspar  wiih  a  scaly  fracture, 
mingled  with  grains  of  pyroxene,  occasional  plates  of  mica,  and 
grains  of  pynte.s.  It  contains  no  carbonates.  Two  analyses  of 
portions  of  the  dolerite,  from  dykes  differing  a  little  in  texture, 
gave  as  follows  under  xv  and  xvi : 

o.,.  ^^-  XVI.  XVII. 

,,     ** 50.35         50.25         52.20 

^'^"^■"^^ 17.35)  18.60) 

Peroxyd  of  iron 12.50}    32.10       ,^^^A 

^'"^ 10.19  9.63  7.34 

^^Sneam 493  5  ^^  ^  ^^ 

l^'l^'^ 69  .58  2.14 

^°^* 2.28  2.12  2.41 

^°'*'"« '• 75  1.00  2.50 

99.04       100.72         99.26 

The  iron  in  these  analyses,  although  given  above  as  peroxyd, 
exists  in  the  form  of  protoxyd,  and  in  the  second  specimen,  in  part  aa 
a  sulphuret.  These  rocks,  which  appear  to  have  the  composition 
of  mixtures  of  a  basic  feldspar  with  pyroxene,  do  not  differ  from 
ordinary  dolerite. 

The  newer  dolerite.  which  cuts  the  tVirnA  Mhi^r  nlnaa^c  nf  ornT^f.Vf. 
Tocks  in  the  Laurentian  region,  has  a  grayish-black, very  fine-grained 

•  With  some  titanic  acid. 
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base,  earthy  and  sub-conclioidal  in  fracture,  and  resembling 
somewhat  the  preceding.  It  contains  small  brilliant  black  grains  of 
ilmenite,  with  others  of  sphene,  and  small  scales  of  mica.  Occ»* 
eional  masses  of  black  cleavable  augite,  sometimes  half  an  inch  in 
diameter,  give  to  the  rock  a  porphyritic  character.  It  contains 
besides,  small  cleavable  masses  of  white  carbonate  of  lime,  with 
•which  the  whole  rock  seems  penetrated.  When  in  powder,  it 
eflFerVvJsces  freely  in  the  cold  with  dilute  nitric  acid,  and  the  solu- 
tion evolves  red  fumes  on  heating.  In  this  way  there  were  dis- 
solved, lime,  equal  to  8.70  per  cent  of  carbonate,  0.50  of  magne- 
sia, and  6.50  of  alumina  and  oxyd  of  iron  =  15.70  per  cent.  The 
residue  dried  at  211°  F.,  equalled  83.80  per  cent.  A  portion  of 
aluminous  silicate  had  evidently  been  attacked  by  the  acid.  The 
dried  residue  gave  on  analysis  the  results  which  will  be  found  above 
\inder  xvii. 


I 


The  doleritcs  of  the  Montreal  district,  besides  forming  numer- 
ous dykes,  constitute  the  chief  portions  of  the  mountains  of  Mon 
tarville,  liougemont,  and  Mount  Royal.     In  all  of  these  however 
great  diversities  of  composition  are  met  with,  which  will  be  suc- 
cessively noticed. 

MoNTARViLLE. — The  t. Mcater  part  of  Mon  tarville  is  composed  of 
a  coarse-grained  granitoid  dolerite,  in  which  black  cleavable  augite 
predominates, — sometimes  almost  to  the  exclusion  of  any  other 
mineral.  Small  portions  of  white  feldspar,  and  scales  of  brown 
mica,  are  sparsely  scattered  through  the  rock,  with  grains  of 
carbonate  of  lime.  The  removal  of  these  by  solution  from  the 
■weathered  surfi\ce  often  gives  to  it  a  pitted  aspect.  In  other  portions, 
the  feldspathic  element  predominates,  and  the  rock  becomes  por- 
phyritic from  the  presence  of  large  crystals  of  augite.  The  worn 
surfaces  of  the  dolerite  sometimes  Show  alternations  of  this  variety 
with  another  which  is  finer-grait'od  and  whiter.  The  two  are 
arranged  in  bands,  whose  varying  ihickness  and  curving  linetJ 
suggest  the  notion  that  they  have  been  produced  by  the  flow  and 
the  partial  commingling  of  two  semi-fluid  masses. 

Another  and  remarkable  variety  of  dolerite,  found  at  Montar- 
ville,  appears  to  be  confined  to  a  hill  on  the  shore  of  the  little  lake 
about  half  a  mile  northward  from  the  manor-house.  The  whole 
of  this  hilK  with  the  exception  of  some  adherent  portions  of  indur- 
ated shale,  seems  to  be  composed  of  a  granitoid  dolerite,  containing. 
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a  large  proportion  of  olivine.  This  mineral  occurs  in  rounded  crya* 
talline  masses  or  imperfect  crystals  from  one  tenth  to  one  half  an 
inch  in  diameter,  associated  with  a  white  or  greenish-white  crys- 
talline feldspar,  black  augite,  a  little  brown  mica,  and  magnetite. 
The  proportion  of  olivine  is  very  variable,  but  in  some  parts  it 
is  the  predominant  mineral.  Its  color  is  olive-green,  passing  into 
amber-yellow.  The  grains,  which  are  translucent,  are  much  fissured 
and  very  brittle.  The  pulverized  olivine  gelatinizes  with  chlorhy- 
dric  acid  in  the  cold,  and  is  almost  instantly  decomposed  when 
warmed  with  sulphuric  acid  diluted  with  its  volume  of  water,  the 
silica  separating  chiefly  in  a  flocculent  form,  and  enclosing  small 
grains  of  the  undecomposed  mineral,  which  are  left  when  the. 
ignited  sili^  's  dissolved  by  a  solution  of  soda.  A  little  silica  ia 
however  .ti...  ^  in  solution,  and  is  precipitated  by  ammonia, 
with  th'  i)xy6  vr  Iron.  Two  analyses  of  different  portions  of  the 
olivine  .  .•  -^  j  this  way  gave,  after  deducting  the  undecomposed 
mineral,  the  following  results : 

Silica 37.13         37.17  =  Oxygen  19.82 

Magnesia 39.36         39.68=         "        15.87 

Protoxjd  of  iron 22.57         22.54=         "         5.10 

99.06         99.39 

The  augite  of  thisolivinitic  dolerite  appears  in  the  form  of  sraak 
crystalline  grains,  and  also  in  short  thick  and  terminated  pi  isms, 
which  are  readily  detached  from  their  matrix.  They  are  often  an 
inch  in  length  by  half  an  inch  in  diameter,  and  are  sometime* 
martially  coated  by  a  film  of  brown  mica.  These  crystals  cleave' 
readily,  presenting  brilliant  surfaces,  and  are  black  in  color,  with 
an  ash-gray  streak.  Their  hardness  is  6.0,  and  their  specific  gravity 
3.34.     Anaiysis  gave  as  follows : 

Silica 49.40 

Alumina 6.70 

Lime 21.88 

Magnesia 13.06 

Protoxyd  of  iron , 7.83 

Soda  and  traces  of  potash 74 

Volatile 50 

100.11 
The  augite  which  abounds  in  the  non-oliviniiic  dolerite  that 
forms  the  greater  part  of  Montaryilie-  does  not  a^ii^ear  to  differ 
from  that  just  described. 
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An  average  specimen  of  this  olivinitic  dolerite,  or  peridotite,  wirS 
reduced  to  powder :  it  did  not  effervesce  with  nitric  acid,  and  whoa 
ignited  lost  only  0.5  per  cent.  When  gently  warmed  with  sulphuric 
acid,  the  olivine  was  readily  decomposod,  with  the  separation  of 
flocculent  silica ;  and  by  the  subsequent  use  of  a  dilute  solution  of 
floda,  followed  by  chlorhydric  acid,  and  a  second  treatment  with 
the  alkaline  ley,  55.0  per  cent  of  the  whole  were  dissolved.    Thi^ 
r    tion  consisted  of  silica  37.30,  magnesia  33.50,  protoxyd  of  iroii 
tf-:20,  alumina  3.00  =  100.00  :  being  equal  to  18.4  of  magnesia 
for  the  entire  mass.     In  another  experiment,  18.0  per  cent  were 
obtained.     Taking  the  mean  of  the  two  analyses  of  olivine  above 
referred  to,  which  gives  39.5  per  cent  of  magnesia,  18.0  parts  of 
this  base  correspond  to  45.5  parts  of  olivine.     The  remaining  9..^ 
parts  of  dissolved  matter  represent  alumina  and  silica  from  the 
feldspar,  and  oxyd  of  iron  from  the  magnetite ;  both  of  which  were 
somewhat  attacked  by  the  acids.     The  undissolved  portion  of  the 
rock  equalled  44,7  per  cent.,  and  appeared  to  consist  of  a  feldspar, 
with  pyrosene,  some  mica,  and  a  little  magnetite.     Its  analysis 
afforded  silica  49.35,  alumina  18.92,  protosyd  of  iron  4.51,  lime 
18.36,  magnesia  6.36,  loss  (alkalies?)  2.50  ;  ==  100.00. 

In  some  portions  of  the  dolerite  of  Montarville,  the  feldspar  is 
more  abundant,  and  appears  in  slender  crystals  withaugite,  and  with 
a  smaller  proporLion  of  olivine  than  the  last.  A  specimpn  of  this 
variety,  being  crushed  and  washed,  gave  3-9  per  cent,  of  magnetite, 
and  10.0  percent  of  amixtureof  ilmenite  with  olivine.  The  feldspar 
was  obtained  nearly  pure,  in  yellowish  vitreous  grains,  having  a 
specific  gravity  of  2.73—2.74,  and  nearly  the  composition  of 
labradorite.     The  results  of  its  analysis  are  seen  under  xvili. 

XV«I.  XIX. 

Silica 53.10  53.60 

Alumina 26.80  24.40 

Peroxyd  of  iroa 1.35  4.60 

Lime 11.48  8.62 

Magnesia ''2  .86 

Potash 71  undet. 

Soda 4.24 

Volatile 60  .SQ 

99.00  

The  dolerite  of  Montarville  is  traversed  by  veins  belonging  to 
aeyerai  different  periods.  In  one  iustance,  the  Oiact*.  and  „ig,„y 
augitic  mass  is  cut  by  a  dyke  of  a  fine-grained  greyish-white  dole- 
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rite.  This  is  intersected  by  a  dyte  of  a  fine-grained  greenish  rock, 
'which,  in  its  turn,  is  cut  off  by  another  small  dyke  which  is  grayish- 
white  like  the  first. 

RoUGEMONT. — The  rocks  of  Rougemont  offer  a  general  resem- 
blance to  those  of  Montarville.  Some  portions  are  a  coarse-grained 
dolerite,  in  which  augite  greatly  predominates,  with  grains  of 
feldspar,  and  a  little  disseminated  carbonaie  of  lime.  In  some 
parts,  t^e  augite  crystals  are  an  inch  or  more  in  diameter,  with 
brilliant  cleavages ;  and  grains  of  pyrites  are  abundant,  with  cal- 
cite  in  the  interstices.  This  rock  resembles  the  highly  augitio. 
dolerite  of  Montarville.  Olivine  is  very  abundant  in  two  varieties 
of  dolerite  from  Rougemont.  One  of  these  has  a  grayish-whito 
finely  granular  feldspathic  base,  in  which  are  disseminated  black 
augite  and  amber-colored  olivine,  the  latter  sometimes  in  distinct 
crystals.  The  proportions  of  these  elements  sometimes  vary  in  the 
«ame  specimen  ;  the  feldspar  forming  more  than  half  the  ma  ua 
one  part,  while  in  another  the  augite  and  olivine  predominate.  By 
the  action  of  the  weather,  the  feldspar  acquires  an  opaque  white 
surface,  upon  which  the  black  shining  aagite  and  the  rusty-red 
decomposing  olivine  appear  in  strong  contrast. 

The  dolerite  of  this  mountain  is  traversed  by  numerous  dykes, 
«ome  of  which  are  diorites  like  those  of  Monnoir  and  Beloeil,  about 
to  be  described.  A  dyke  of  compact  dolerite,  holding  crystals  of 
feldspar  and  grains  'of  olivine,  is  found  intersecting  the  strata  of  the 
Hudson  River  formation  at  St.  Hyacinthe. 

Mount  Royal. — This  hill  which  rises  immediately  in  the  rear 
of  Montreal,  consists  for  the  most  part  of  a  mass  of  highly  augitis 
dolerite.  In  some  parts  large  crystals  of  augite,  like  those  of 
Montarville,  are  disseminated  through  a  fine-grained  base,  which, 
is  dark  ash-gray  in  color,  and  often  effervesces  freely  with  acids, 
from  the  presence  of  a  portion  of  intermingled  carbonate  of  lime. 
At  other  times  ib»s  is  wanting,  and  the  rock  is  a  mass  of  black 
crystalline  augite,  constituting  a  veritable  pyroxenite,  from  which 
feldspar  is  absent.  Mixtures  of  augite  with  feldspar  are  also  met 
with,  c^  jiluling  a  granitoid  dolerite,  in  parts  of  which  the  feld- 
spar predominates,  giving  rise  to  a  light  grayish  rock.  Portions  of 
this  are  sometimes  found  limited  on  either  side  by  bands  of  nearly 
pure  black  pyroxenite,  giving  at  first  sight  an  aspect  of  stratifica- 
tion. The  bands  of  these  two  varieties  are  found  curiously  contorted 
and  int'V'upted,  and  as  at  Montarville,  seem  to  have  resulted  from 
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movements  in  a  heterogeneous  pasty  mass,  which  have  effected  a 
partial  blending  of  an  augitic  magma  with  another  more  feldspathie 

in  its  nature. 

The  more  augitic  parts  of  Mount  Royal  contain,  like  the  similar 
varieties  from  Rougeraont  and  Montarville,  considerable  portions 
of  magnetite,  and  some  ilmenite.  At  the  east  end  of  the  mountain 
a  variety  of  dolerite,  containing  olivine,  occurs.  It  consists  of  a 
base  of  grayish-white  granular  feldspar,  which  in  the  specimen  ex- 
amined constitutes  about  one  half  of  the  mass,  and  encloses  crystals 
of  brilliant  black  augite,  and  of  semi-transparent  amber-yellow  oli- 
vine. This  rock  closely  resembles  the  feldspathic  peridotite  of 
Rougemont,  described  above ;  but  the  imbedded  crystals  are  some- 
whar  larger,  although  less  than  those  in  the  dolerite  of  Montar-^ille. 
A  portion  of  the  feldspar,  freed  as  much  as  possible  from  augite, 
furnished  by  analysis  the  result  already  given  under  Xix  ;  which 
shows  that  it  approaches  labradorite  in  composition. 

DiORITES. 

Yamaska.— It  nowre-ains  to  describe  thediorites  which  have 
alreadv  been  noticed  as  forming  several  important  masses  among 
the  intrusive  rocks  of  the  Montreal  group.     In  the  first  place  may 
be  considered  that  of  Yamaska.    The  greater  part  of  this  mountain 
consists,  as  already  described,  of  a  micaceous  granitoid  trachyte ;. 
but  the  southeastern  portion  is  entirely  different,  being  a  diorita 
made  up  of  a  pearly  white  crystalline  translucent  feldspar,  with 
black  brilliant  hornblende,  ilmenite,  and  magnetic  iron.     This 
rock  is  sometimes  rather  fine-grained,  though  the  elements  are 
always  very  distinct  to  the  naked  eye.     In  other  parts  are  seen 
large    cleavage-surfaces    of  feldspar   half    an  inch    in   breadth, 
which  exhibit  in  a  very  beautiful  manner  the  stria)  character- 
istic of  the  polysynthetic  macles  of  the  triclinic  feldspars.      The 
associated   crystals  of  hornblende  are  always  much  smaller  and 
less  distinct,  forming  with  grains  of  feldspar,  a  base,  to  which 
the  larger  feldspar  crystals  give  a  porphyritic  aspect.     Finer- 
grained   bands,    in   which  magnetite  and   ilmenite  predominate, 
traverse  the  coarser  portions,  often  reticulating ;  and  the  whole 
mass  is  also  occasionally  cut  by  d^kes  of  a  whitish  or  brownish- 
gray   trachytic    rock,     which  are   often   porphyritic,    and  may 
perhaps  be  branches  from  the  trachytic  part  of  the  mountain. 
A  portion  of  the  coarse-grained  diorite  selected  for  examination. 
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contained,  besides  the  mineralf  already  enumerated,  small  porl ions 
of  blackish  mica,  with  grains  of  pyrites,  and  a  little  disseminated 
carbonate  of  lime,  which  caused  the  mass  to  eflfervesce  slightly  with 
nitric  aciil.  The  macled  feldspar  crystals,  sometimes  half  an  inch 
in  length,  were  so  much  penetrated  by  hornblende  that  they  were 
not  fit  for  analysis  ;  but  by  crushing  and  washing  the  rock,  a  por- 
tion of  the  feldspar  v:as  obtained,  which  did  not  efiervesce  with 
nitric  acid,  and  contained  no  visible  impurity,  except  a  few  scales  of 
mica;  its  specific  gravity  was  2.756 — 2.763.  It  was  decomposed 
by  hydrochloric  acid,  with  separation  of  pulverulent  silica;  and  its 
analysis,  which  is  given  under  XX  and  xxi,  shows  it  to  be  near 
to  anorthite,  and  identical  in  composition  with  the  feldspar  of  a 
diorite  from  Bogoslowsk,  in  the  Ural  Mountains.  This  is  associa- 
ted with  a  greenish-black  hornblende  containing  some  titanic  acid, 
with  a  little  mica,  and  some  quartz.  (11.  H.  Scott,  L.  E.  and  D. 
Philos.  Magazine  [4],  xv,  518.) 

MoNNOlR. — Monnoir  or  Mount  Johnson  is  composed  of  a  diorite, 
which,  in  its  general  aspect,  greatly  resembles  that  of  Yamaska  just 
described,  except  that  it  is  rather  more  feldspathic.  The  finer- 
grained  varieties  are  grayish  in  color,  and  exhibit  a  mixture  of 
grains  and  small  crystals  of  feldspar,  with  hornblende,  brown  mica, 
and  magnetite.  Frequently  however  the  rock  is  much  coarser- 
grained,  consisting  of  feldspar  grains,  with  slender  prisms  of  black 
hornblende,  often  half  an  inch  long  and  tenth  of  an  inch  broad, 
and  numerous  small  crystals  of  amber-colored  sph  '"!.  In  this 
aggregate  there  are  imbedded  cleavable  masses  of  ,ae  feldspar, 
sometimes  an  inch  long  by  half  an  inch  in  breadth.  At  the  south- 
era  foot  of  the  mountain,  large  blocks  of  the  coarse-grained  diorite 
are  found  in  a  state  of  disintegration,  affording  detached  "ystals  of 
feldspar  with  rounded  angles,  and  weathered  externally  to  an  opaque 
white,  from  a  partial  decomposition.  Near  to  the  base  of  the  moun- 
tain, a  coarse-grained  variety  of  the  diorit<j  encloses  small  but  dis- 
tinct crystals  of  brown  mica ;  and  a  fine-grained  micaceous  variety, 
containing  sphene,  occurs  near  the  summit. 

The  feldspar,  in  all  the  specimens  examined  from  this  mountain, 
appears  to  be  uniform  in  character.  Its  color  is  white,  rarely 
greenish  or  grayish ;  it  has  a  vitreous  lustre,  inclining  to  pearly, 
and  it  is  somewhat  translucent.  The  cleavages  of  this  feldspar 
resemblfi  those  of  oligoclase,  with  which  species  it  also  agreea  in 
specific  gravity  and  chemical  composition.    The  macled  forms,  so 


46 


dommon  in  the  crystals  of  triclinic  feldspars,  have  not  however 
l)een  detected  in  the  specimens  from  this  locality.  A  fragment  of 
a  crystal  sjave  a  density  of  2.631,  and  another  portion  in  powder, 
2.659.    The  results  of  its  analysis  are  given  nnder  xxii  and  XXIII. 


XX. 

Silica 46.90 

Alumina 31.10] 

Peroxyd  of  iron 1.35' 

Lime 16-0'^ 

•Mftgnesia 65 

Potash S8 

Soda 1-" 

Volatile 1-00 

99.42 


XXI. 

47.00 
32.65 

15.90 


xxu. 

62.05 

22.60 

.75 

3.96 

•  •  •  • 

1.80 

7.95 

.80 

99.91 


XXIII. 

62.10 


3.69 


XXIT. 

58.30 
24.72 

5.42 
.81 

2.74 

6.73 

.50 

99.32 


Bbl(EIL.— The  specimens  which  have  been  examined  from  this 
mountain  consist  of  a  kind  of  micaceous  diorite.     The  feldspar, 
which  so  far  predominates  as  to  give  a  light  gray  color  to  the  mass, 
is  in  white  translucent  vitreous  cleavable  grains;  associated  with 
small  distinct  prisms  of  black  hornblende,  scales  of  copper-colored 
mica,  and  grains  of  magnetite.     The    analysis  of  the  feldspar, 
extracted  by  washing  a  portion  of  the  crushed  rock,  and  still  con- 
taining a  little  mica,  is  given  above  under  XXIV.     This  result 
approaches  to  those  obtained  from  the  micaceous  feldspar  rock  of 
Yamaska,  V    and  vi;  which  has  been  described  as  a  kind   of 
trachyte,  and  with  the  rock  of  Beloeil  seems  to  constitute  a  passage 
between  the  trachytes  and  diorites. 

RiQAUD.— A  portion  of  Rigaud  Mountain  consists  of  a  rather 
coarse-grained  diorite,  which  is  made  up  of  a  crystalline  feldspar, 
white  or  greenish  in  color,  with  small  prisms  of  brilliant  black 
hornblende,  and  crystals  of  black  mica.  In  some  specimens  the 
feldspar,  and  in  others  the  hornblende  predominates.  This  rock 
resembles  the  diorites  of  Beloeil  and  Mounoir. 

The  granitoid  dolerites  of  the  Montreal  grouj^  containing  coarse 
ly  crvstalline  angite  and  olivine,  break  through  the  Lower  Silu- 
ti"  'ta;  and  portions  of  these  two  minerals,  probably  derived 
from  2se  intrusive  rocks,  are  found  in  the  dolomitic  conglomer- 
ates near  Montreal,  whiih  in  some  cases  include  masses  of  Upper 
Silurian  limestone,  and  are  cut  by  dykes  of  a  fine  grained  dolerite. 
These,  which  perhaps  correspond  to  the  newer  dykes  of  the  same 
rock  at  Grenville,  show  that  there  were  at  least  three  distinct 
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wnptiona  of  dolerite,— one  during  the  Silurian  period,  one  before 
it,  and  another  after  'f..  The  trachytes  of  Montreal  and  Chambiy 
appear  to  be  sti ,  :q  recent  than  these,  and  to  traverse  the 
newest  dolerites. 

The  trachytes  of  Brome  and  Shefford  seem  to  constitute  a  group 
Apart ;  but  the  diorites  of  Yamaska  smu  Mount  Johnson,  although 
amilar  in  aspect,  differ  widely  in  chemical  composition.  Facts  are 
still  wanting  to  establish  the  geological  age  of  these  intrueive 
masses.  The  different  dolerites,  which  are  related  in  mineral  com- 
' 'position,  belong  as  we  have  seen  t-  different  geological  periods; 
•and  it  would  not  be  safe  to  affirm  that  the  different  diorites  or  the 
different  trachytes  of  this  vicinity  are  contemporaneous.  Nor,  on 
the  other  hand,  should  even  great  discordances  in  chemical  or 
mineralogical  constitution  be  necessarily  regarded  as  establishing 
a  difference  in  the  age  of  eruptive  rocks.  Evidence  to  the  contrary 
of  this  is  seen  in  the  contiguous  and  intermingled  masses  of  black 
pyroxenite  and  grey  feldppithic  dolerite  in  Mount  Royal  and 
Montarville  ;  and  it  is  not  improbable  that  the  olivinitic  dolerite 
•which  is  associated  with  these,  may  be  contemporaneous.  If,  as 
has  been  maintained  in  the  first  part  of  this  paper,  the  various 
intrusive  rocks  are  only  dis  laced  sediments  of  deeply-buried  and 
probably  unconformable  strata,  it  will  readily  be  conceived  that 
plastic  masses  of  very  unlike  characters  may  be  ejected  simulta- 
neously along  a  line  of  disruption. 

The  various  intrusive  masses  of  the  Montreal  group  which  have 
been  here  described,  appear,  from  their  compact  and  crystalline 
Structure,  to  have  been  displaced  and  consolidated  under  the  pres- 
sure of  a  considerable  mass  of  superincumbent  strata.  The  fact 
that  even  their  summits,  which  are  in  some  cases  more  than  1000 
feet  above  the  present  level  of  the  plain,  appear  equally  solid  and 
orystalliie  with  their  bases,  implies  the  removal  by  denudation, 
since  the  eruption  of  these  masses,  of  a  thickness  of  s  dimentiry 
strata  much  exceeding  their  present  height.  This  denudation 
must  however  have  taken  place  before  the  eruption  of  the  later 
trachytes  and  dolerites  ;  since  the  dolomitic  conglomerates,  which 
enclose  the  fragments  of  the  olivinitic  dolerite  and  of  Lower 
and  Upper  Silurian  rocks,  repose  unconformabiy  upon  the  Lauren- 
tian  and  the  various  Lower  Silurian  strata,  in  such  a  manner  as  to 
show  that  these  offered  nearly  their  present  distribution  at  the 
epoch  of  the   deposition  of  the  conglomerates.      If  then,  as  i» 
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probable,  the  exposure  by  denudation  of  the  whole  of  the  eight 
hills  which  have  been  described,  took  place  at  one  epoch,  these  are 
all  shown  to  have  a  greater  antiquity  than  the  trachytes  and  the 
dolerites,  which  traverse  the  conglomerates.  The  fine-grained  and 
earthy  trachytes  of  Montreal  are  consequently  far  more  recent  than 
the  crystalline  ones  of  Brome  and  SheflT  1 ;  wiih  which  however, 
some  of  them  agree  in  chemical  composition. 

The  general  absence  of  granite  from  among  these  intrusive 
masses  is  a  fact  worthy  of  notice.    Quartz  has  not  yet  been  detect- 
ed in  the  feldspathic  rocks  of  Brome  and  Shefford  ;    although,  as 
above  mentioned,  the  base  of  the  feldspathic  porphyries  of  Chambly 
and  Shelburne,  contains  a  slight  excess  of  silica.      The  granitic 
rocks  of  Shipton,  and  of  St.  Joseph  on  the  Chaudi^re,  appear  to 
be  indig  nous  masses,  belonging  to  the  strata  of  the  Quebec  group; 
but  the  higher  fossiliferous  formations  to  the  east  of  the  Notre 
Dame  Mountains,  are  traversed  in  various  places  by  veins  and 
great  masses  of  intrusive  granite,  as  in  Stanstead,  Barford,  and 
many  other  places  to  the  northeast,  and  along  the  frontier  of  Can- 
ada.    It  is  worthy  of  note,  that  the  intrusive  masses  on   the  two 
sides  of  the  mountain  range  are,  so  far  as  yet  observed,  entirely 
distinct  in  character ;  and  that  eruptive  rocks  are  generally  want- 
ing among  the  Notre  Dame  Mountiins,  which  consist  chiefly  of 
stratified  rocks.     It  is  also  to  be  remarked,  that  the  intrusive  gra- 
nites at  their  eastern  base,  are  not  unlike,  in  mineralogical  charac- 
ters, to  the  indigenous  granites  of  the  mountains ;    thus  suggest- 
ing the  view  that  these  are  possibly  the  source  of  the  intrusive 
granites  which  break  through  the  Devonian  strata.      A  similar 
relation  has  been  pointed  out  by  Durocher,  in  Scandinavia,  where 
the  palaeozoic  strata  are  broken  by  intrusive  masses  of  granite 
orthophyre,  zircon-syenite,  and  diorite.    These  rocks,  according  to 
him,  ^re  specifically  analogous  to  those  of  the  underlying  primitive 
gniess,  but  petrographically  distinct.  (Bull.  Soc.  Geol.  de  France, 
£2],  vi.  33.)     These  facts  are  in  accordance  with  the  theory  of 
eruptive  rocks  developed  at  the  commencement  of  this  paper ;  and 
it  would  be  easy  to  extend  the  comparison  to  the  intrusive  diorites 
and  dolerites  about  Montreal,  and  to  show  their  resemblance  with 
the  stratified  feldspathic  rocks  of  the  Labrador  series.     (Silli- 
man's  Journal  [2],  xxix,  283,  and  xxxi,  414.) 


49 


JV.  Local  Met\morpiiism. 

,  In  the  second  part  of  this  paper  I  ha\  a  as3P-*ed  that  the  silicated 
minerals  of  crystalline  rocka  have  a  two-fold  origin.     In  the  first 

place  they  may  result  from  the  molecular  change  of  silicated  sedi- 
ments. The  5i3  arc  cither  derived  Crom  the  mechanical  disintegration 
and  partial  decomposition  of  pre-existing  silicates,  or  have  been  gen- 
erated by  chemical  processes  in  waters  at  the  earth's  surface.  In 
this  way  steatite,  serpentine,  pyroxene,  hornblende,  chlorite,  and  in 
many  cases  garnet,  e^  Idote,  and  other  silicates,  are  formed  by  a 
crystallization  un-^  ^nolecular  re-arrangement  of  chemically  formed 
silicates,  in  a  un-  ~  analogous  to  that  in  which  mechanically  de- 
rived clays  are  ct  ,rted  into  crystailini  ipecies.  I  have  however 
pointed  out  that  in  the  "  .uoud  place  many  of  these  silicated  minerals 
may  be  generated  by  chemical  reactions  which  take  place  among  the 
mechanically  mixed  elements  of  sediments  under  the  influence  of  heat 
aided  by  alkaline  solutions.  Both  of  these  methods  are  invol  /ed  in 
rock-metamorphism  ;  and  in  the  case  of  the  local  alteration  of  rocks 
by  igneous  masses,  it  is  easy  by  comp  rative  examinations  to  trace 
the  cheuucal  changes  involved  in  the  production  of  silicated  min. 
erals  by  tlie  second  method.  In  this  way  Delessc  has  shown  that 
in  several  cases  where  the  chalk  of  Ireland  has  been  altered  by  the 
proximity  of  intrusive  traps,  the  sand  and  clay  which  the  former 
contain  have  been  converted  into  calcareous  silicates.  (Ann.  des 
Mines  [5],  xii,  pp.  189,  208,  212.) 

An  instructive  example  of  this  process  is  furnished  at  3Iontreul, 
where  the  bluish  fossiliferous  limestone  of  the  Trenton  group  is 
traversed  by  dykes  of  dolerite,  which  are  subordinate  to  the  great 
intrusive  mass  of  Mount  lloyal.  The  limestone  for  a  distance  of 
a  foot  or  two,  is  hardened,  but  retains  its  bluish  tint.  Within  a 
few  inches,  it  is  changed  to  a  greenish-white  color,  which  is  seen 
to  be  due  to  a  granular  mineral  disseminated  in  the  white  car- 
bonate of  liuic.  The  unaltered  limestones  from  the  vicinity 
contain  variable  amounts  of  insoluble  argillaceous  matters.  A  s^^eci- 
men  treated  .,  itli  dilute  hydrochloric  acid,  left  a  residue  of  about 
twelve  per  cent  of  a  line  clayey  substance,  colored  by  a  small 
amount  of  carbonaceous  matter,  and  mixed  with  a  little  pyrites, 
which  was  removed  by  dilute  nitric  acid.  This  residue,  after 
ignition,  gave  to  a  soluti>  -i  of  carbonate  of  soda,  9  5  per  cent  of 
its  weight  oi'  soluble  .silica :  and  the  insoluble  portion,  being  sub- 
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mitted  to  analysis,  gave  the  result  i.  A  portion  of  the  limestone 
which  was  near  to  the  intrusive  rock,  and  had  become  hardened  and 
partially  altered,  was  subjected  to  the  action  of  dilute  nitric  acid, 
and  gave  an  insoluble  residue  with  the  composition  ii.  The  more 
thoroughly  altered  greenish  limestone  was  also  treated  with  dilute 
nitric  acid,  which  dissolved  the  carbonate  of  lime,  and  left  a  resi- 
due, the  analyses  of  which,  from  two  different  portions  of  the  rock, 
are  eiven  under  iii  and  iv. 

*=  I.  H.  III.  IV. 

ailica,  73.02  54.00  42.00  40.20 

Alumlni;  *'.'■.'/.'.'. 1«-31  14-00  13.70  9.30 

Lime  93  1G.24  31.<J9  36.40 

MagnVs'ia," ^7  5.27  4.17  3.70 

F.otoxydofiron, traces  3.60  4.68        5.22 

Potash 5.55  3.14  undet.  andet- 

Soda,. 89  1.22 

Volatile, _::_!!      'Jl    -1 

99.57       98.77         98.04       95.02 

The  residue  from  the  unaltered  limestone,  including  the  silica 
soluble  in  alkalies,  contains  nearly  75.5  hundredths  of  silica,  and 
16-5  of  air    Ina.     These,  in  the  vicinity  of  the  dolerite,  have  be- 
come satu     ed  with  protoy.yd  bases,  including  the  small  portions 
of  magnesia  and  of  oxyri  of  iron  which  the  limestone  contains. 
This  process  evidently  involves  a  decomposition  of  the  carbonate 
of  lime,  and  the  expulsion  of  the  eavbonic  acid.     It  is  worthy  of 
remark  that  while  the  unaltered  limestone  contains  a  little  car- 
bonate of  magnesia,  the  rock  from  which  in  was  obtained  yielded 
to  dilute  nitric  acid  not  a  trace  of  magnesia.      li  marks  an  inter- 
mediate stage  in  the  process,  and  shows  moreover  that  the  alkalies 
are   still    -etained  in  combination  with    the   alumonius   silicate. 
Thee    granular  silicates,   which  have    been    formed   by   local 
metamorphisra,  might,  under  favorable  circumstances,  have  crys- 
tallized in  the    forms    of  feldspar,   seapolite.  garnet,  pyroxene, 
or  some  other  of  the  silicious  minerals  which  so  often  occur  in  meta- 
morpliic   limestones.     The  agent  in  producing  those  silicates  of 
protoxyds  at  the  expense  of  the  carbcnates  of  the  limestone,  wa? 
probably  a  portion  of  alkaline  salt,  either  derived  from  the  feld. 
spathic  matter  of  the  limestone,  or  possibly  inaitrated  from  th'^  con- 
tiguous feldspathic  rock ;  whose  elevated  temperature  produced  the 
reaction  which  has  resulted  in  thus  altering  this  limestone. 

Similar  examples  of  local  alteration  are  met  with  in  several  other 
places  near  to  the  intrusive  rocks  of  the  Montreal  group.     Th« 
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schists  of  the  Utica  formation  in  contact  Vi'ith  a  dyke  of  intrusive 
rock  at  Point  St.  Charles,  and  also  near  a  mass  of  trachyte  on  a 
Small  island  opposite  the  city  of  Montreal,  occasionally  exhibit  small 
crystals  of  pyroxene,  and  in  some  cases  prisms  of  hornblende. 
Among  similarly  altered  shales  at  Kougemont  are  beds  which  con- 
sist of  a  highly  ferriferous  crystalline  dolomite  intermingled  with 
dark-green  cleavable  hornblende,  which  forms  thin  layers,  or  in 
other  cases  encloses  small  rounded  masses  of  the  dolomite.  (See 
for  a  description  and  analyses  of  this  rock  the  Geology  of  Canada 
page  634.) 

At  Montarville  the  shales  of  the  Hudson  River  formation 
are  altered  in  the  vicinity  of  the  dolerite  which  forms  the  mass  of 
the  mountain.  Some  portions  of  the  strata  are  very  fine-grained 
reddish-brown,  and  have  an  earthy  sub-conchoidal  fracture,  with 
occasional  cleavage  joints.  The  hardness  of  this  rock  is  not  great 
and  it  is  apparently  a  kindof  argillite;  bixt  between  two  beds  of  it 
is  one  of  a  harder  coarse-grained  rock,  greenish-gray  in  color,  and 
mottled  with  a  lighter  hue.  This  appears  to  be  feldspathic  in 
composition,  and  is  penetrated  in  various  directions  by  numerous 
slender  prisms  of  black  cleavable  pyroxene,  sometimes  half  an  inch 
in  length.  The  layers  of  sedimentation  are  distinctly  marked  in 
this  bed,  as  well  as  in  the  finer-grained  strata  which  enclose  it  • 
and  the  whole  aiForus  an  interesting  example  of  the  different  effects 
of  the  same  agency  upon  beds  of  unlike  composition  ;  although  it 
would  be  impossible  without  comparative  chemical  analyses  to  de- 
termine whether  the  silicate  which  has  here  crystallized  in  the  form 
of  pyroxene  existed  in  the  unaltered  sediment,  or  whether,  as  in  the 
case  of  the  uncrystallized  silicate  from  the  altered  limestone  at 
Montreal,  it  has  been  generated  under  the  influence  of  the  intru- 
sive rock.  In  by  far  the  greater  number  of  cases,  the  only  apparent 
effect  of  the  igneous  rocks  in  the  region  under  description  upon 
the  palaeozoic  limestones  and  shales,has  been  a  very  local  induration. 
The  appearance  of  crystals  in  these  circumstances  is  a  comparatively 
rare  occurence,  and  seems  to  depend  upon  conditions  which  are 
exceptional,  showing,  as  T  have  elsewhere  remarked,  that  heat  and 
moisture  are  not  the  only  condition  of  mctamorphism.  (Silliman'a 
Journal  [2],  xxxvi,  219.) 

With  these  few  examples  of  local  mctamorphism  I  conclude  the 
present  paper;  proposing  however  to  give  in  a  subsequent  one  the 
results  of  some  investip;ations  of  certain  indigenous  crystalline  rocks. 

Montreal,  March  15,  1864. 


